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1. Overview

1.1 Scope

This document is being developed to define the HLA Interface Specification (IF). The HLA requires a language inde-
pendent specification (LIS) and multiple language bindings to support inter-simulation communication in a distributed
simulation domain.

The formal definition of the Modeling and Simulation (M & S) High Level Architecture (HLA) comprises three main
components: the HLA rules, the HLA interface specification, and the HLA object model template (OMT). This docu-
ment shall provide a complete description of the essential elements of the second component of the HLA, the interface
specification. The other two components of the HLA formal definition are described in the documents listed in Clause
2.

1.2  Purpose

The High Level Architecture (HLA) is an integrated architecture which has been developed to provide a common ar-
chitecture for M&S. The HLA requires that inter-federate interactions use a standard API. This specification defines
the standard services and interfaces to be used by the federates in order to support efficient information exchange when
participating in a distributed federation execution and reuse of the individual federates.

This document provides a specification for the HLA functional interfaces between federates and the runtime infra-
structure (RTI). The RTI provides services to federates in a way that is analogous to how a distributed operating system
provides services to applications. These interfaces are arranged into six basic RTI service groups:

a) federation management

b) declaration management

c) object management

d) ownership management

e) time management

f) data distribution management

The six service groups describe the interface between the federates and the RTI, and the software services provided by
the RTI for use by HLA federates. The initial set of these services was carefully chosen to provide those functions most
likely to be required across multiple federations. As a result, federate applications will require most of the services
described in this document. The RTI requires a set of services from the federate that are referred to as “RTl initiated”
and are denoted with a t.

1.3 Background
1.3.1 HLA federation object model framework

A concise and rigorous description of the object model framework is essential to the specification of the interface be-
tween federates and the RTI and of the RTI services. The rules and terminology used to describe a federation object
model (FOM) are described in thiigh Level Architecture, Object Model Template, IEEE P15¥6 sdmulation ob-

ject model (SOM) describes salient characteristics of a federate to aid in its reuse and other activities focused on the
details of its internal operation. As such, a SOM is not the concern of the RTI and its services. A FOM, on the other
hand, deals with inter-federate issues and is relevant to the use of the RTl. FOMs describe

— The set of object classes chosen to represent the real world for a planned federation,
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— The set of interaction classes chosen to represent the interplay among real-world objects,
— The attributes and parameters of these classes, and
— The level of detail at which these classes represent the real world, including all characteristics.

Every object is an instance of an object class found in the FOM. Object classes are chosen by the object model designer
to facilitate a desired organizational scheme. Each object class has a set of attributes associated atittbitteia

a distinct, identifiable portion of the object state. In this discussion, “attribute designator” refers to the attribute and
“attribute value” refers to its contents. From the federation perspective, the set of all attribute values for an object in-
stance shall completely define the state of the instance. Federates may associate additional state information with an
object instance that is not communicated between federates, but this is outside the purview of the HLA federation ob-
ject model.

Federates use the state of the object instances as one of the primary means of communication. At any time, only one
federate shall be responsible for simulating a given object instance attribute. That federate shall provide new values

for that instance attribute to the other federates in the federation execution through the RTI services. The federate pro-
viding the new instance attribute values shall be said tpbatingthat instance attribute value. Federates receiving

those values shall be said torelectingthat instance attribute.

The privilege to update a value for an instance attribute shall be uniquely held by a single federate at any given time
during a federation execution. A federate that has the privilege to update values for an instance attribute shall be said
to ownthat instance attribute. The RTI provides services that allow federates to exchange ownership of object instance
attributes. The federate that registers an object instance shall automatically own the privilegeToDeleteObject instance
attribute for that instance (all federates shall automatically publish the privilegeToDeleteObject for all object classes
they explicitly publish). The RTI provides services that allow federates to transfer the “privilegeToDeleteObject” at-
tribute in the same way as other attributes.

Each object instance shall have a designator. The value of an object instance designator shall be unique for each fed-
eration execution. Object instance designators shall be dynamically generated by the RTI.

The FOM framework also allows for interaction classes for each object model. The types of interactions possible and
their parameters are specified within the FOM.

A federationis the combination of a particular FOM, a particular set of federates, and the RTI services. A federation

is designed for a specific purpose using a commonly understood federation object model and a set of federates that
may associate their individual semantics with that object modigldération executiois an instance of th€reate
Federation Executioservice invocation and entails executing the federation with a specific FOM and an RTI, and
using various execution details.

1.3.2 General nomenclature and conventions

There are various entities (classes, attributes, parameters, regions, federates, object instances, etc.) referenced in this
document that may have the following different “views”:

— Name - human readable or for communication between federates

— Handle - capable of being manipulated by a computer or for communication between a federate and the RTI

The arguments to the services described in this document will use different views of the entities depending on a par-
ticular RTI implementation. For clarity, this document refers to only a generic view, known as a “designator,” when
referring to these entities.

The following sets of data shall be needed for the implementation of a running RTI and federation executions:
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— Federation execution data (FED) - information derived from the FOM (class, attribute, parameter names, etc.)
and used by the RTI at runtime. Each federation execution needs one. In the abstract, creation of a federation exe-
cution is simply the binding of a federation execution name to a FED.

— RTl initialization data (RID) - RTI vendor-specific information needed to run an RTI. A RID is probably sup-
plied when an RTl is initialized.

For all federate-initiated services in this specification, exceptCteite Federation Executipd.3,Destroy Federa-

tion Executionand 4.4,Join Federation Executiothere is an implied supplied argument that is a federate’s connec-

tion to a federation execution. For all RTI-initiated services, there is an implied supplied argument that is also a
federate’s connection to a federation execution. The manner in which these arguments are actually provided to the ser-
vices is dependent on the RTI implementation, and therefore is not shown in the service descriptions. Also, for the
RTI-initiated services there are some implicit pre-conditions which are not stated explicitly because the RTI is as-
sumed to be well-behaved.

1.3.3 Organization of this document

The six HLA service groups and support services are specified in Clauses 4 through 10. Each service is described using
several components:

— Name & Description - service name and narrative describing the functionality of the service

— Supplied Arguments - required and optional service-initiator provided arguments

— Returned Arguments - arguments returned by the service

— Pre-conditions - conditions that must exist for the service to execute correctly

— Post-conditions - conditions that will exist once the service has executed correctly

— Exceptions - notifications of any irregularity that may occur during service execution

— Related Services - other HLA services that are related to this service

After the clauses describing the service groups are clauses describing the management object model (MOM) and fed-
eration execution data (FED).

Annexes A through D contain HLA application programmer’s interfaces (APIs) for the following languages:
— IDL

— C++

— Ada 95

— Java.

1.3.4 Compliance

An implementation shall be considered compliant with this standard if and only if it implements all mandatory parts
of this standard.

NOTE—Comments on this document should be sent via the HLA web page: http://www.sisostds.org/stdsdev/hla/index.htm. The
subject line of the message should include the clause number referenced in the comment. The body of each submittatihould inclu
(1) the name and e-mail address of the person making the comment (separate from the mail header), (2) reference tdd¢he RTI serv
or portion of the I/F specification that the comment addresses (by clause and page number), (3) a one-sentence sunonary of the ¢
ment/issue, (4) a brief description of the comment/issue, and (5) any suggested resolution or action to be taken.
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2. References

This standard shall be used in conjunction with the following publications. When the following standards are super-
seded by an approved revision, the revision shall apply:

IEEE P1516, Standard [For] Modeling and Simulation (M&S) High Level Architecture (HLA) - Framework and Rules

IEEE P1516.2, Standard [For] Modeling and Simulation (M&S) High Level Architecture (HLA) - Object Model Tem-
plate (OMT) Specification

Copyright O 1998 IEEE. All rights reserved. 5
This is an unapproved IEEE Standards Draft, subject to change



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

6 Copyright 00 1998 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

3. Abbreviations, acronyms, and definitions

3.1  Abbreviations and acronyms

API application programmer’s interface
BNF Backus-Naur Form

DIF data interchange format

EBNF extended Backus-Naur Form

FED federation execution data

FOM federation object model

HLA High Level Architecture

LBTS lower bound on the time stamp
LHS left-hand side

MOM management object model
OMDT  object model development tool
RHS right-hand side

RID RTI initialization data
RO receive order

RTI runtime infrastructure
SOM simulation object model

TBS to be supplied
TSO time-stamped order

3.2  Definitions
For the purposes of this standard, the following terms and definitions shall apply:
3.2.1 available attributes

The set of declared attributes of an object class in union with the set of inherited attributes of that object class. See
Clause 5.1.1, Static properties of the FED.

3.2.2 available parameters

The set of declared parameters of an interaction class in union with the set of inherited parameters of that interaction
class. See Clause 5.1.1, Static properties of the FED

3.2.3 axis lower bound

The first component of the coordinate axis segment. See coordinate axis segment.

3.2.4 axis upper bound

The second component of the coordinate axis segment. See coordinate axis segment.

3.2.5 bound

The association, which shall be declared in the FED, between a class attribute and a particular routing space or between
an interaction class and a particular routing space. In the case of class attributes, this association indicates that a region

that is either used for update of an instance attribute that corresponds to that class attribute or used for subscription of
that class attribute shall be a subspace of the named routing space. In the case of interaction classes, this association
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indicates that the region that is either used for sending an interaction of that class or used for subscription of that in-
teraction class shall be a sub-space of the named routing space. See Clause 9.1, Overview.

3.2.6 candidate discovery class

The registered class of an object instance, if subscribed. If the registered class of an object instance is not subscribed,
the closest super-class of the registered class of the object instance to which the federate is subscribed.

3.2.7 candidate received class

The sent class of an interaction, if subscribed. If the sent class of an interaction is not subscribed, the closest super-
class of the sent class of the interaction to which the federate is subscribed.

3.2.8 class attribute

An object class designator, attribute designator pair.

3.2.9 coordinate axis segment

An ordered pair of values that provides a single basis for all dimensions defined in the FED.
3.2.10 corresponding attributes

One or more class or instance attributes that have the same attribute designator.

3.2.11 declared attributes

The set of class attributes of a particular object class that are listed in the FED file as being associated with that object
class in the object class hierarchy tree. See Clause 5.1.1, Static properties of the FED.

3.2.12 declared parameters

The set of parameters of a particular interaction class that are listed in the FED file as being associated with that inter-
action class in the interaction class hierarchy tree. See clause 5.1.1, Static properties of the FED.

3.2.13 declared routing space

A routing space that is listed in the FED file.

3.2.14 default region

The sub-space of a routing space that is equivalent to the entire routing space. See clause 9.1, Overview.
3.2.15 default routing space

A routing space that is other than all of the declared routing spaces. See clause 9.1, Overview.

3.2.16 dimension

A named coordinate axis segment declared in the FED. See 8lausxverview
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3.2.17 discover

To receive an invocation of tfidscover Object Instanceservice for a particular object instance. See claus®i:-3,
cover Object Instance. T

3.2.18 discovered class

The class that was an object instance’s candidate discovery class at a federate when that object instance was discovered
by that federate. See candidate discovery class and clause 5.1.2, Definitions and constraints for object classes and class
attributes.

3.2.19 explicitly bound

Of or pertaining to a class attribute or interaction class that is bound to a declared routing space by an entry in the FED
file. See bound and clauSel, Overview

3.2.20 extent
A sequence of ranges, one for each dimension in the routing space. Se8.tla0serview
3.2.21 implicitly bound

Either:

a. the association between a class attribute and the default routing space that exists by default because the class
attribute is not explicitly bound to a declared routing space by an entry in the FED
or
b. the association between an interaction class and the default routing space that exists by default because the
interaction class is not explicitly bound to a declared routing space by an entry in the FED.
See bound and clau8el, Overview

3.2.22 in scope

Of or pertaining to an instance attribute of an object for which:

the object instance is known to the federate,
«the instance attribute is owned by another federate, and
seither
the instance attribute’s corresponding class attribute is a subscribed attribute of the known class of
the object instance, or
the instance attribute’s corresponding class attribute is a subscribed attribute of the known class of
the object instance with region, and the region that is used for updates of the instance attribute by
the owning federate overlaps a region that is used for subscription of the instance attribute’s
corresponding class attribute at the known class of the instance attribute at the subscribing
federate.
See clause 6.1, Overview.

3.2.23 inherited attribute

A class attribute of an object class that was declared in a super-class of that object class in the object class hierarchy
tree defined in the FED. See clause 5.1.1, Static properties of the FED.

Copyright O 1998 IEEE. All rights reserved. 9
This is an unapproved IEEE Standards Draft, subject to change



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

3.2.24 inherited parameter

A parameter of an interaction class that was declared in a super-class of that interaction class in the interaction class
hierarchy tree defined in the FED. See clause 5.1.1, Static properties of the FED.

3.2.25 instance attribute
An object instance designator, attribute designator pair.

3.2.26 known class

Either:
a. an object instance’s registered class if the federate knows about the object instance as a result of having reg-
istered it
or
b. an object instance’s discovered class if the federate knows about the object instance as a result of having dis-
covered it.

3.2.27 known object instance

An object instance that a given federate has either registered or discovered and for which the federate has not subse-
qguently

sinvoked theLocal Delete Object Instaneervice,

sinvoked theDelete Object Instancgervice, or

sreceived an invocation of tiRemove Object Instandeservice.
See register and discover.

3.2.28 out of scope

Of or pertaining to an instance attribute of an object for which one or more of the following is not true:
the object instance is known to the federate,
the instance attribute is owned by another federate, and
eeither
the instance attribute’s corresponding class attribute is a subscribed attribute of the known class of
the object instance, or
sthe instance attribute’s corresponding class attribute is a subscribed attribute of the known class of
the object instance with region, and the region that is used for updates of the instance attribute by
the owning federate overlaps a region that is used for subscription of the instance attribute’s
corresponding class attribute at the known class of the instance attribute at the subscribing
federate.

See clause 6.1, Overview.

3.2.29 overlap

Of or pertaining to two regions that are bound to the same routing space and have corresponding extent sets that each
have at least one extent such that their ranges overlap pairwise. Se8.dla0serview

3.2.30 owned
Pertaining to the relationship between an instance attribute and the federate that has the unique right to update that

instance attribute’s value.
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3.2.31 promoted

Pertaining to an object instance, as known by a particular federate, that has a discovered class that is a super-class of
its registered class. See clause 5.1.3, Definitions and constraints for interaction classes and parameters.

3.2.32 published

Either
a. pertaining to an object class such that, from the perspective of a given federate:
the object class was an argument Rualish Object Classervice invocation
*a non-empty set of class attributes was used as an argument to the mofRRubligimtObject Classervice
invocation for that object class by that federate, and
*the most recerPublish Object Classervice invocation for that object class by that federate was not subse-
quently followed byan Unpublish Object Classervice invocation for that object class.See clause 5.1.2,

Definitions and constraints for object classes and class attributes.
or
b. pertaining to an interaction class that, from the perspective of a given federate, was an argupudtisto a
Interaction Classervice invocation that was not subsequently followed Byrgublish Interaction Class
service invocation for that interaction class. See clause 5.1.3, Definitions and constraints for interaction
classes and parameters.

3.2.33 published attributes of an object class

The class attributes that were arguments to the most iReablish Object Classervice invocation by a given federate
for that object class, assuming the federate did not subsequently invdiepihielish Object Classervice for that
object class. See clause 5.1.2, Definitions and constraints for object classes and class attributes.

3.2.34 range

A continuous interval on a dimension defined by an ordered pair of values. Se€claeerview

3.2.35 range lower bound

The first component of the ordered pair of values defining a range. SeeXhudwerview

3.2.36 range upper bound

The second component of the ordered pair of values defining a range. Se®.dla0serview

3.2.37 received class

The class that was an interaction’s candidate received class at the federate when that interaction was received at that
federate via an invocation of tfReceive Interactiofii service. See clause 5.1.3, Definitions and constraints for inter-
action classes and parameters.

3.2.38 received parameters

The subset of the sent parameters of an interaction that are available parameters of the interaction’s received class. See
clause 5.1.3, Definitions and constraints for interaction classes and parameters.
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3.2.39 reflect

Receive new values for one or more instance attributes via invocation Réflleet Attribute Value$ service. See
clause 6.5Reflect Attribute Values. T

3.2.40 region
A set of extents bound to a declared routing space. See 6ldusaverview
3.2.41 register

To invoke theRegister Object Instanaw theRegister Object Instance With Regs®rvice to create a unique object
instance designator. See clause Bgyister Object Instance

3.2.42 registered class

The object class that was an argument toRbgister Object Instanaar theRegister Object Instance With Region
service invocation that resulted in the creation of the object instance designator for a given object instance.

3.2.43 routing space

A named sequence of dimensions.

3.2.44 sent class

The interaction class that was an argument t&#ral Interactiomr Send Interaction With Regiaervice invocation

that initiated the sending of a given interaction. See clause 5.1.3, Definitions and constraints for interaction classes and
parameters.

3.2.45 sent parameters

The parameters that were arguments tcStned Interactioor Send Interaction With Regi@ervice invocation for a
given interaction. See clause 5.1.3, Definitions and constraints for interaction classes and parameters.

3.2.46 stop publish

Take action that results in a class attribute that had been a published attribute of a class no longer being a published
attribute of that class.

3.2.47 subscribed

Either
a. pertaining to an object class for which, from the perspective of a given federate, there are subscribe
attributes of that class or subscribed attributes of that class with region, for some region. See subscribe
attributes of a class and subscribed attributes of a class with region.
or
b. pertaining to an interaction class that is a subscribed interaction class or a subscribed interaction class with
region, for some region. See subscribed interaction class and subscribed interaction class with region.

3.2.48 subscribed attributes of a class

The class attributes that were arguments to the most 1@abstribe Object Class Attributseervice invocation by a
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given federate for a given object class, assuming the federate did not subsequently inlisultiseribe Object
Classservice for that object class. See clauses 5.1.2, Definitions and constraints for object classes and class attributes
and 5.6 Subscribe Object Class Attributes

3.2.49 subscribed attributes of a class with region

The class attributes that were arguments to the most 1@abstribe Object Class Attributes With Regiervice in-

vocation by a given federate for a given object class and a given region, assuming the federate did not subsequently
invoke theUnsubscribe Object Class Attributes With Regiervice for that object class and region. See clause 9.8,
Subscribe Object Class Attributes With Region

3.2.50 subscribed interaction class

Pertaining to an interaction class and a region that, from the perspective of a given federate, was an ardsufent to a
scribe Interaction Classervice invocation that was not subsequently followed Byreubscribe Interaction Class

service invocation for that interaction class. See clauses 5.1.3, Definitions and constraints for interaction classes and
parameters and 5.8ubscribe Interaction Class

3.2.51 subscribed interaction class with region

Pertaining to an interaction class and a region that, from the perspective of a given federate, were argudnts to a
scribe Interaction Class With Regisprvice invocation that was not subsequently followed Byreubscribe Inter-

action Class With Regioservice invocation for that interaction class and that region. See claus&gtkgribe
Interaction Class With Region

3.2.52 subscription region

A region used for subscription of a class attribute or used for subscription of an interaction class. See used for subscrip-
tion of a class attribute and used for subscription of an interaction class.

3.2.53 synchronization point

A logical point in the sequence of a federation execution that all federates forming a synchronization set for that point
attempt to reach and, if they are successful, thereby synchronize their respective executions at that point.

3.2.54 time advancing service

Any of the following servicesTime Advance Request, Time Advance Request Available, Next Event Request, Next
Event Request Availahler Flush Queue Request

3.2.55 update

Invoke theUpdate Attribute Valueservice for one or more instance attributes. See clausgidate Attribute Val-
ues

3.2.56 update region
A region used for sending or used for update. See used for sending and used for update.
3.2.57 used for sending

Either
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pertaining to a region that, along with the specified interaction class designator, is being used as an argument
in theSend Interaction With Regi@®rvice.

a.

or
b. pertaining to the default region when the specified interaction class designator is being used as an argument

in theSend Interactioservice. See claugel, Overview

3.2.58 used for subscription of a class attribute

Either

a. pertaining to a region, an object class, and a class attribute for which the class attribute is a subscribed

attribute of the object class with that region.

or
b. pertaining to the default region when the specified class attribute is a subscribed attribute of the specified

class.
See subscribed attributes of a class with region and dalis®verview

3.2.59 used for subscription of an interaction class

Either

a. pertaining to a region and an interaction class for which the interaction class is a subscribed interaction class
with that region.

or
b. pertaining to the default region when the specified interaction class is a subscribed interaction class.

See subscribed interaction class and cl@useOverview
3.2.60 used for update

Either
a. pertaining to a region that, along with the specified object instance and instance attribute designators, has

been used as an argument in eitheiRbgister Object Instance With Regimrvice or théssociate Region

For Updatesservice; and the region has not subsequently been used along with the specified object instance

designator as an argument in theassociate Region For Updatesrvice; nor has it subsequently been used

as an argument, with the object instance designator but without the instance attribute designat@san the

ciate Region For Updateservice; nor has the federate subsequently lost ownership of the specified instance

attribute(s).

or
b. pertaining to the default region when the specified instance attribute(s) are not currently used for update with

any other region.
See claus8.1, Overview
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4. Federation management

4.1 Overview
“Federation management” refers to the creation, dynamic control, modification, and deletion of a federation execution.

Before a federate may join a federation execution, the federation execution must exist. Figure 1 shows the overall state
of a federation execution as certain basic federation management services are employed.

Once a federation execution exists, federates may join and resign from it in any sequence that is meaningful to the
federation user. Figure 2 presents a generalized view of the basic relationship between a federate and the RTI during
the federate participation in a federation execution. The broad arrows in Figure 2 represent the general invocation of
RTI service groups and are not intended to demonstrate strict ordering requirements on the use of the services. The
HLA concept shall not preclude a single software system from participating in a federation execution as multiple fed-
erates nor shall it preclude a given system from participating in multiple (independent) federation executions.

Destroy Qredte
Federation Feckration
Execution Execution

Federation
Execution
BExsts

The Last The First
Resign Join
Feceration Feceration
Execution Execution

Suppartin g
Federates

Join Federation Execution
Resign Federation Execution

Figure 1—Basic states of the federation execution
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Federate RTI
Join Federation Execution ’

‘ Establish Initial Data Rguirements ’

Register Objects
Update Attribute Values
Discover Objects

——-

Normal Federate Execution
Advance Time Request/Grant
Register/Discover Objects
Update/Reflect Attribute Values
Send/Receive Interactions

‘ Delete/Remove Ob'|ects ,

Resign Federation Execution

Figure 2—Overall view of federate-to-RTI relationship

The state diagram in Figure 3 is the first of a series of hierarchical state diagrams that formally describe the state of a
given federate, from the perspective of that federate, in varying levels of detail. These state diagrams are formal, ac-
curate descriptions of federate state information depicted in the highly structured, compact, and esf@atEssiact

notation pioneered by David Harel [Al]. In the next few paragraphs we describe the first two of these statecharts in
detail as a way of introducing some of Harel's notation and providing an understanding of how the complete set of
statecharts in this document are hierarchically interrelated.

As shown in Figure 3, with the successful completion ofltie Federation Executioservice, a federate will be in

the Joined Federate state, where it will remain until it resigns from the federation execution. As indicated by the dashed
line in the Joined Federate state, the Joined Federate state consists of two parallel state machines: one having to do
with whether or not the federate is in the process of saving or restoring federate state (depicted to the left of the dashed
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line), and the other having to do with whether or not the federate is permitted to perform normal activity (depicted to
the right of the dashed line). While in the Joined Federate state, the federate is simultaneously in both a state depicted
in the state machine to the left of the dashed line and a state depicted in the state machine to the right of the dashed
line. Initially, upon entering the Joined Federate state, the federate will be in the Active and Normal Activity Permitted
states, as indicated by the dark-circle start transitions. There are interdependencies between these two parallel state
machines and between the state machine on the left and the Temporal state machine that appears later in this document.
These interdependencies are depicted by the guards (shown within square brackets) that are associated with some state
transitions. If a transition has a guard associated with it, then when the assertion within the guard is true, the federate
will make the associated transition from one state to another.

As an example of an interdependency between the two parallel state machines depicted in the Joined Federate state, if
a federate that is in the Active state receivé®deration Restore Begunservice invocation, it will transition into

the Prepared to Restore state (as indicated by the label on the transition from the Active state to the Prepared to Restore
state). Once the federate enters the Prepared to Restore state, it also enters the Normal Activity Not Permitted state (as
indicated by the guard on the transition from the Normal Activity Permitted to the Normal Activity Not Permitted
state). That is, the guards impose the following constraints on a federate: A federate may be in the Normal Activity
Permitted state (right side) if and only if it is also in the Active state (left side); and a federate may be in the Normal
Activity Not Permitted state (right side) if and only if it is also in the Instructed to Save, Saving, Waiting for Federation

to Save, Prepared to Restore, Restoring, Waiting for Federation to Restore, Waiting for Restore to Begin state (left
side).

The interdependency between the state machine on the left and the Temporal state machine depicted later in this doc-
ument is this: a federate that is in the Active state will not receive an invocationmitidie Federate Saveservice

unless that federate is either in tiet Constrainedr theTime Advancingtate. TheNot ConstrainecandTime Ad-
vancingstates are depicted in the Figure 12, Temporal State. The fact that these two time management related states
are mentioned in the guard on the transition from the Active to the Instructed to Save state demonstrates the interde-
pendencies between a federate’s save/restore state and its temporal state. Specifically, it indicates that a federate must
either be not constrained by time management or be in a position to receive a time advance grant in order for it to re-
ceive an invocation of thaitiate Federate Savé service.

If a federate is in the Normal Activity Permitted state, the federate may perform normal federate activity such as reg-
istering and discovering object instances, publishing and subscribing to object class attributes and interactions, updat-
ing and reflecting instance attribute values, sending and receiving interactions, deleting and removing object instances,
and requesting or receiving time advance grants. The Normal Activity Permitted state, simple as it may appear in the
Joined Federate statechart, actually contains all of the other states that appear in the statecharts that appear subsequent-
ly in this document. Together, these statecharts formally describe the state of a federate from that federate’s perspec-
tive. These statecharts are complete in the sense that all transitions shown represent legal operations and transitions
that are not shown represent illegal operations. lllegal operations shall generate exceptions if invoked.
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The Normal Activity Permitted state depicted in Figure 3 is elaborated in further detail in Figure 4, Normal activity
permitted, to identify the three major portions of federate state: time management (indicated by the Temporal state),
state associated with each object class, and state associated with each interaction class. When a federate enters the
Joined Federate state, the federate will have a temporal state and object and interaction class states. The federate will
have an Object Class state for each object class that is defined in the FED that is associated with the federate execution.
Likewise, the federate will have an Interaction Class state for each interaction class that is defined in the FED. A fed-
erate will be in the temporal state and in each of these object and interaction class states simultaneously (as depicted
by the dashed lines separating the state machines within the Temporal state). Time management is elaborated in further
detail in Figure 12, Temporal State. The state of an arbitrary object class is elaborated in further detail in Figure 5, the
Object Class (i) statechart, and the state of an arbitrary interaction class is elaborated in further detail in Figure 7, In-
teraction class (i) statechart.
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Any federate in the execution may initiate a save by invokingRétpiest Federation Saservice. If there is no fed-
eration time argument provided with the invocation of this service, the RTI shall instruct all of the federates in the fed-
eration execution (including the requesting federate) to save state by invokingistte Federate Savé service at

all of these federates as soon as possible. If there is a federation time argument provided, the RTI shall inivoke the
tiate Federate Saveservice at each of the time-constrained federates when their value of logical time advances to the
value provided, and it shall invoke thdtiate Federate Savé service at all non-time-constrained federates as soon

as possible after it has invoked it at all of the time-constrained federates.

When a federate receives buitiate Federate Savé service invocation and subsequently saves its state, it shall use

the federation save label (which was specified by the federate requesting the saRegutist Federation Saser-

vice) and its federate type (which it specified when it joined the federation execution) to distinguish the saved infor-
mation. The saved information shall be persistent, meaning that it is stored onto disk or some other persistent medium
and it remains intact even after the federation execution is destroyed. The saved information can thus be used at a later
date, by some new set of federates, to restore all federates in the federation execution to the state that they were in when
the save was accomplished. The federation can then resume execution of the simulation from that saved point. The set
of federates joined to an execution when state is restored from a previously saved state need not be the exact set of
federates that were joined to the federation execution when the state being restored was saved. The number of federates
of each federate type that are joined to the federation execution, however, shall be the same. The federate-type param-
eter argument supplied in thein Federation Executiogervice invocation, therefore, is crucial to the save-and-restore
process. Declaring a federate to be of a given type shall be equivalent to asserting that the federate can be restored
using the state information saved by any other federate of that type.
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4.2 Create Federation Execution

The Create Federation Executigervice shall create a new federation execution and add it to the set of supported
federation executions. Each federation execution created by this service shall be independent of all other federation
executions, and there shall be no inter-communication within the RTI between federation executions. The FED desig-
nator argument shall identify FED that is required for the federation execution to be created.

Supplied Arguments

— Federation execution name
— FED designator

Returned Arguments
— None

Pre-conditions
— The federation execution does not exist.

Post-conditions
— A federation execution exists with the given name that may be joined by federates.

Exceptions

— The federation execution already exists.

— Could not locate FED information from supplied designator
— Invalid FED

— RTl internal error

Related Services
— Destroy Federation Execution
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4.3  Destroy Federation Execution

The Destroy Federation Executi@ervice shall remove a federation execution from the RTI set of supported federa-
tion executions. All federation activity shall have stopped and all federates shall have resigned before invoking this
service.

Supplied Arguments
— Federation execution name

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— There are no federates joined to this federation execution.

Post-conditions
— The federation execution does not exist.

Exceptions

— Federates are joined to the federation execution.
— The federation execution does not exist.
— RTl internal error

Related Service
— Create Federation Execution
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4.4  Join Federation Execution

TheJoin Federation Executiogervice shall affiliate the federate with a federation execution. Invocation dbithe
Federation Executioservice shall indicate the intention to participate in the specified federation. The federate type
parameter shall distinguish federate categories for federation save-and-restore purposes. The returned federate desig-
nator shall be unique across all federates in a federation execution.

Supplied Arguments

— Federate type
— Federation execution name

Returned Arguments
— Federate designator

Pre-conditions

— The federation execution exists.
— The federate is not joined to that execution.

Post-conditions
— The federate is a member of the federation execution.

Exceptions

— The federate is already joined to the federation execution.
— The specified federation execution does not exist.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Resign Federation Execution
— Request Restore
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45 Resign Federation Execution

TheResign Federation Executi@ervice shall indicate the requested cessation of federation participation. Before re-
signing, ownership of instance attributes held by the federate should be resolved. The federate may transfer ownership
of these instance attributes to other federates, release them for ownership acquisition at a later time, or delete the object
instance of which they are a part (assuming the federate has the privilege to delete these object instances). As a con-
venience to the federate, tResign Federation Executiaervice shall accept an action argument that directs the RTI

to perform zero or more of the following actions:

— Release all owned instance attributes for future ownership acquisition. This shall place the instance attributes
into an unowned state (implying that their values are not being updated), which shall make them eligible for
ownership by another federate. See Clause 7., Ownership management for a more detailed description.

— Delete all object instances for which the federate has that privilege (implied invocationéléte Object
Instanceservice).

Supplied Arguments

— Directive to
a) release ownership of all owned instance attributes
b) delete all object instances for which the federate has the delete privilege
c) perform action (a) and then action (b)
d) perform no actions

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— If directive (b) is supplied, the federate does not own any instance attributes of object instances for which it does
not also have the delete privilege.

— If directive (d) is supplied, the federate does not own any instance attributes in the federation execution.

Post-conditions

— The federate is not a member of the federation execution.
— There are no instance attributes in the federation execution owned by the federate.
— If directive (b) or (c) are supplied all object instances for which the federate has the delete privilege are deleted.

Exceptions

— The federate owns instance attributes.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Join Federation Execution
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4.6 Register Federation Synchronization Point

The Register Federation Synchronization Pasetrvice shall be used to initiate the registration of an upcoming syn-
chronization point label. When a synchronization point label has been successfully registered (indicated through the
Confirm Synchronization Point Registratiosédrvice) the RTI shall inform some or all federates of the label existence

by invoking theAnnounce Synchronization Poinsérvice at those federates. The optional set of federate designators
shall be used by the federate to specify which federates in the execution should be informed of the label existence. If
the optional set of federate designators is empty or not supplied, all federates in the federation execution shall be in-
formed of the label existence. If the optional set of designators is not empty, all designated federates must be federation
execution members. The user-supplied tag shall provide a vehicle for information to be associated with the synchro-
nization point and shall be announced along with the synchronization label. It is possible for multiple synchronization
points registered by the same or different federates to be pending at the same time. The synchronization labels, how-
ever, shall be unique.

Supplied Arguments

— Synchronization point label
— User-supplied tag
— Optional set of federate designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— If an optional set of federate designators is supplied, those federates must be joined to the federation execution.

Post-conditions
— The synchronization label is known to the RTI.

Exceptions

— The federate not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Confirm Synchronization Point Registration T
— Announce Synchronization Point t
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4.7  Confirm Synchronization Point Registration

The Confirm Synchronization Point Registratitiservice shall indicate to the federate the status of a requested fed-
eration synchronization point registration. This service shall be invoked in resporiRegister Federation Synchro-

nization Pointservice invocation. A positive success indicator informs the federate that the label has been successfully
registered. A negative success indicator informs the federate that the label was already in use or that the registration
of this label has otherwise failed. A registration attempt that ends with a negative success indicator shall have no other
effect on the federation execution.

Supplied Arguments

— Synchronization point label
— Registration success indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The federate has invoké&kegister Federation Synchronization Paetvice for the specified label.

Post-conditions

— If the registration success indicator is positive, the specified label and associated user supplied tag will be
announced to the appropriate federates.

— If the registration success indicator is negative, this service and the corresgRedistgr Federation Synchro-
nization Pointservice invocation have no consequence.

Exceptions
— Federate internal error.

Related Services
— Register Federation Synchronization Point
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4.8  Announce Synchronization Point T

TheAnnounce Synchronization Poinsérvice shall inform a federate of the existence of a new synchronization point
label. When a synchronization point label has been registerethwiitegister Federation Synchronization Peiert-

vice, the RTI shall invoke th&nnounce Synchronization Poinsérvice, at either all the federates in the execution or

at the specified set of federates, to inform them of the label existence. The federates informed of the existence of a
given synchronization point label via thAeanounce Synchronization Poinsdrvice shall form the synchronization set

for that point. If the optional set of federate designators was null or not provided when the synchronization point label
was registered, the RTI shall also invoke Amnounce Synchronization Poins#rvice at all federates that join the
federation execution after the synchronization label was registered but before all federates that were informed of the
synchronization label existence have invoked3pechronization Point Achieveédrvice. These newly joining feder-

ates shall also become part of the synchronization set for that point. Federates that resign from the federation execution
after the announcement of a synchronization point but before the federation synchronizes at that point shall be removed
from the synchronization set. The user-supplied tag supplied Bnth@unce Synchronization Poins#rvice shall

be the tag that was supplied to the corresponBigjster Federation Synchronization Paetvice invocation.

Supplied Arguments
— Synchronization point label
— User-supplied tag

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The synchronization point has been registered.

Post-conditions

— The synchronization label is known to the federate and may be useddyritieronization Point Achievehd
Federation Synchronizedskrvices.

Exceptions
— Federate internal error

Related Services
— Register Federation Synchronization Point
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4.9  Synchronization Point Achieved

The Synchronization Point Achievaeérvice shall inform the RTI that the federate has reached the specified synchro-
nization point. Once all federates in the synchronization set for a given point have invoked this service, the RTI shall
not invoke theAnnounce Synchronization Poinofii any newly joining federates.

Supplied Arguments
— Synchronization point label

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The synchronization point has been announced.

Post-conditions
— The federate is noted as having reached the specified synchronization point.

Exceptions

— The synchronization label is not registered.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services
— Federation Synchronized t
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4.10 Federation Synchronized t

The Federation Synchronized service shall inform the federate that all federates in the synchronization set of the
specified synchronization point have invoked Syachronization Point Achievegrvice for that point. This service

shall be invoked at all federates that are in the synchronization set for that point, indicating that the federates in the
synchronization set have synchronized at that point. Once the synchronization set for a point synchrofr@oes{the

ation Synchronized $ervice invoked at all federates in the set), that point shall no longer be registered and the syn-
chronization set for that point shall no longer exist.

Supplied Arguments
— Synchronization point label

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The synchronization point has been registered.

— The synchronization point has been announced.

— All federates have invokeSlynchronization Point Achieveing the specified label.

Post-conditions
— The federate is informed that all federates, including it, have inv®kaedhronization Point Achieversing the
specified label.

Exceptions
— Federate internal error

Related Services
— Synchronization Point Achieved

30 Copyright 00 1998 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

4.11 Request Federation Save

The Request Federation Saservice shall specify that a federation save should take place. If the optional federation
time argument is not present, the RTI shall instruct all federation execution members to save state as soon as possible
after the invocation of thRequest Federation Saservice. If the optional federation time argument is present, the

RTI shall instruct each time-constrained federate to save state when its value of logical time advances to the value pro-
vided; and it shall instruct non-time-constrained federates to save state when the last time-constrained federate’s value
of logical time advances to the value of the optional federation save time provided. The RTI shall notify a federate to
save state by invoking theitiate Federate Save dervice at that federate. Only one requested save shall be outstand-

ing at a time. A new save request shall replace any outstanding save request. However, a save request cannot happen
during a save in progress, which is between the RTI invocation tiitteée Federate Save dervice and RTI invo-

cation of theFederation Saved gervice.

Supplied Arguments

— Federation save label
— Optional value of federation time

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— Save not in progress

Post-conditions

— A federation save has been requested.
— All previous requested saves are canceled.

Exceptions

— Federation time has already passed (if optional time argument supplied).
— Federation time is invalid (if optional time argument is supplied).

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Enable Time Constrained
— Initiate Federate Save
— Federate Save Begun

— Federate Save Complete
— Federation Saved t

— Request Restore
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4.12 Initiate Federate Save T

Thelnitiate Federate Save dervice shall instruct the federate to save state. The federate should save as soon as pos-
sible after the invocation of theitiate Federate Save dervice. The label provided to the RTI when the save was re-
guested, via th®equest Federation Sasgervice, shall be supplied to the federate. The federate shall use this label,
the name of the federation execution, its federate designator, and its federate type, which it supplied when it invoked
theJoin Federation Executiogservice, to distinguish the saved state information. If a federate is not time-constrained,

it shall expect to receive dnitiate Federate Save dervice invocation at any time. If a federate is time constrained,

it shall expect to receive dnitiate Federate Save gervice invocation only when one of the following services is
pending:Time Advance Request, Time Advance Request Available, Next Event Request, Next Event Request Available
or Flush Queue Requedthe federate shall stop providing new information to the federation immediately after receiv-
ing thelnitiate Federate Save gervice invocation. The federate may resume providing new information to the feder-
ation only after receiving theederation Saved gervice invocation.

Supplied Arguments
— Federation save label

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— A federation save has been scheduled.

Post-conditions
— The federate has been notified to begin saving its state.

Exceptions

— Unable to perform save
— Federate internal error

Related Services

— Request Federation Save
— Federate Save Begun

— Federate Save Complete
— Federation Saved T
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4.13 Federate Save Begun
TheFederate Save Begwervice shall notify the RTI that the federate is beginning to save its state.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate has received laitiate Federate Save ihvocation.
— The federate is ready to start saving its state.

Post-conditions
— The RTI has been informed that the federate has begun saving its state.

Exceptions

— Save not initiated

— The federate is not a federation execution member.
— Restore in progress

— RTlinternal error

Related Services

— Request Federation Save
— Initiate Federate Save
— Federate Save Complete
— Federation Saved
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4.14 Federate Save Complete

The Federate Save Compleservice shall notify the RTI that the federate has completed its save attempt. The save-
success indicator shall inform the RTI that the federate save either succeeded or failed.

Supplied Arguments
— Federate save-success indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate has invoked thederate Save Begwservice for this save.
— The federate has completed the attempt to save its state.

Post-conditions
— The RTI has been informed of the status of the state save attempt.

Exceptions

— Invalid save-success indicator

— Save not initiated

— The federate is not a federation execution member.
— Restore in progress

— RTlinternal error

Related Services

— Request Federation Save
— Initiate Federate Save t
— Federate Save Begun

— Federation Saved 1
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4.15 Federation Saved t

TheFederation Saveddervice shall inform the federate that the federation save process is complete, and shall indicate
whether it completed successfully or not. If the save-success indicator argument indicates success, this shall mean that
all federates at which tHaitiate Federate Save dervice was invoked have invoked frederate Save Completer-

vice with a save-success indicator that indicated success. If the save-success indicator argument indicates failure, this
shall mean that one or more federates at whicnthiate Federate Savedervice was invoked have invoked fexd-

erate Save Compleservice with a save-success indicator that indicated failure, or that the RTI detected failure at one

or more of these federates. All federates that received an invocationrfitite Federate Saveservice shall receive

an invocation of th&ederation Saved dervice. If a federate that received an invocation ofrtiiate Federate Save

T service resigns from the federation execution beforé&dueration Saved service for that save is invoked, this
resignation shall be considered a failure of the federation save, aRddbemtion Saved service shall be invoked

with a save-success indicator of failure.

Supplied Arguments
— Federation save-success indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions

— The federate has been informed of the success or failure of the federation save attempt.
— The federate may resume providing new information to the federation.

Exceptions
— Federate internal error

Related Services

— Request Federation Save
— Initiate Federate Save t
— Federate Save Begun

— Federate Save Complete
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4.16 Request Federation Restore

TheRequest Federation Restarervice shall direct the RTI to begin the federation execution restoration process. Fed-
eration restoration shall begin as soon after the validation &aheest Federation Restaervice invocation as pos-
sible. A valid federation restoration request shall be indicated witiCdnérm Federation Restoration Request T
service.

Supplied Arguments
— Federation save label

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federation has a save with the specified label.

— The correct number of federates of the correct types that were joined to the federation execution when the save
was accomplished are currently joined to the federation execution.

— All previousRequest Federation Restaervice invocations from the federate have been acknowledged with a
correspondin@onfirm Federation Restoration Request t

Post-conditions
— The RTI has been notified of the request to restore a former federation execution state.

Exceptions

— The federate not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Confirm Federation Restoration Request t
— Request Federation Save

— Federation Restore Begun Tt

— Initiate Federate Restore t

— Federate Restore Complete

— Federation Restored 1

36 Copyright 00 1998 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

4.17 Confirm Federation Restoration Request T

TheConfirm Federation Restoration Requésthall indicate to the federate the status of a requested federation resto-
ration. This service shall be invoked in response Register Federation Restoservice invocation. A positive re-

guest success indicator informs the federate that the RTI restoration state information has been located which
corresponds to the indicated label and federation execution name, a census of joined federates matches in number and
type the census of federates present when the save was taken, and no other federate is currently attempting to restore
the federation. Should more that one federate attempt to restore the federation at a given time, one federate shall receive
a positive indication though this service and all others shall receive a negative indication. A federation restoration at-
tempt that ends with a negative request success indicator shall have no other effect on the federation execution.

Supplied Arguments

— Federation save label
— Request success indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The federate has requested a federation restore ViRetjister Federation Restoservice

Post-conditions

— If the request success indicator is positive, restore in progress.

— If the request success indicator is positive, the federation has a saved state with the specified label.

— If the request success indicator is positive, the correct number of federates of the correct types that were joined to
the federation execution when the save was accomplished are currently joined to the federation execution.

— If the request success indicator is negative, this service and the corresfRegliegt Federation Restmer-
vice invocation have no consequence

Exceptions
— Federate internal error.

Related Services
— Request Federation Restore
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4.18 Federation Restore Begun T

TheFederation Restore Begursgrvice shall inform the federate that a federation restoration is imminent. The feder-
ate shall stop providing new information to the federation immediately after receiviRgdbration Restore Begun

T service invocation. The federate may resume providing new information to the federation only after receiving the
Federation Restored dervice invocation.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has been instructed to stop providing new information to the federation.

Exceptions
— Federate internal error

Related Services

— Request Federation Restore
— Initiate Federate Restore t
— Federate Restore Complete
— Federation Restored t
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4.19 Initiate Federate Restore T

TheInitiate Federate Restore dervice shall instruct the federate to return to a previously saved state. The federate
shall select the appropriate restoration state information based on the name of the current federation execution, the sup-
plied federation save label, and the supplied federate designator. As a result of this service invocation, a federate’s des-
ignator could change from the value supplied byJthie Federation Executioservice.

Supplied Arguments

— Federation save label
— Federate designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The federate has a save with the specified label.

Post-conditions

— The federate has been informed to begin restoring state.

Exceptions

— There is no federate save associated with the label.
— Could not initiate restore

— Federate internal error

Related Services

— Request Federation Restore
— Federation Restore Begun
— Federate Restore Complete
— Federation Restored 1

Copyright O 1998 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change

20 April 1998

39



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

4.20 Federate Restore Complete

The Federate Restore Completervice shall notify the RTI that the federate has completed its restore attempt. If re-
store was successful, the federate shall be in the state that either it or some other federate of its type was in when the
federation save associated with the label occurred, with the distinction that the federate shall now be waiting for an
invocation of the~ederation Saved service.

Supplied Arguments
— Federate restore-success indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate was directed to restore through invocation ditiege Restoreservice.

— If restore was successful, the federate is in a state identical to the state that either it or some other federate of its
type was in when the federation save associated with the supplied label occurred, with the distinction that the
federate is now waiting for an invocation of thederation Saved service. If restore was unsuccessful, the fed-
erate is in an undefined state.

Post-conditions
— The RTI has been informed of the status of the restore attempt.

Exceptions

— Invalid restore-success indicator

— Restore not requested

— The federate is not a federation execution member.
— Save in progress

— RTlinternal error

Related Services

— Request Federation Restore
— Federation Restore Begun
— Initiate Federate Restore T
— Federate Restore Complete
— Federation Restored 1
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4.21 Federation Restored t

TheFederation Restoredl service shall inform the federate that the federation restore process is complete, and shall
indicate whether it completed successfully or not. If the restore-success indicator argument indicates success, this shall
mean that all federates at which frederation Restore Begunsérvice was invoked have invoked fhederate Re-

store Completservice with a restore-success indicator that indicated success. If the restore-success indicator argument
indicates failure, this shall mean that one or more federates at whiebdbeation Restore Begunsgrvice was in-

voked have invoked thieederate Restore Compleservice with a restore-success indicator that indicated failure, or

that the RTI detected failure at one or more of these federates. All federates that received an invocafiedef-the

ation Restore Begundervice shall receive an invocation of frederation Restored dervice. If a federate that re-

ceived an invocation of thEederation Restore Begunsgrvice resigns from the federation execution before the
Federation Restoreti service for that restore is invoked, this resignation shall be considered a failure of the federation
restoration, and thEederation Restoredi service shall be invoked with a restore-success indicator of failure.

Supplied Arguments
— Federation restore-success indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The federate has a save with the specified label.

Post-conditions

— The federate has been informed regarding the success or failure of the restoration attempt.
— The federate may resume providing new information to the federation.

Exceptions
— Federate internal error

Related Services

— Request Federation Restore
— Federation Restore Begun
— Initiate Federate Restore t

— Federate Restore Complete
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5. Declaration management

5.1 Overview

Federates shall use declaration management services to declare their intention to generate information. A federate shall
invoke appropriate declaration management services before it may register object instances, update instance attribute
values, and send interactions. Federates shall use declaration management services or data distribution management
services to declare their intention to receive information. (A federate may use declaration management services exclu-
sively, data distribution management services exclusively, or both declaration management and data distribution man-
agement services to declare its intention to receive information. This clause describes how declaration management
services work when they are used exclusively by a federate. See clause 9.1.1 for more information on using data dis-
tribution management services in lieu of or in conjunction with declaration management services.) A federate shall
invoke appropriate declaration management or data distribution management services before it may discover object
instances, reflect instance attribute values, and receive interactions. Declaration management and data distribution
management services, together with object management services, ownership management services, and the object and
interaction class hierarchies defined in the Federation Execution Data (FED) shall determine the

— Object classes at which object instances may be registered,

— Object classes at which object instances are discovered,

— Instance attributes that are available to be updated and reflected,
— Interactions that may be sent,

— Interaction classes at which interactions are received, and the
— Parameters that are available to be sent and received.

The effects of declaration management services shall be independent of federation time.
5.1.1 Static properties of the FED

The following static properties of the FED shall establish vocabulary for subsequent declaration management discus-

sion:

a) Every class shall have at most one immediate super-class. A class shall not be a super-class of a class that is its
super-class.

b) Every object class shall have an associated set of class attributes declared in the FED.
¢) Aninherited attributeof an object class is a class attribute that was declared in a super-class.

d) Theavailable attributesof an object class are the set of declared attributes of that object class in union with the
set of inherited attributes of that object class.

e) Every interaction class shall have an associated set of parameters declared in the FED.
f) Aninherited parameteof an interaction class is a parameter that was declared in a super-class.

g) Theavailable parametersf an interaction class are the set of declared parameters of that interaction class in
union with the set of inherited parameters of that interaction class.

h) For any service that takes an object class and a set of attribute designators as arguments, only the available
attributes of that object class may be used in the set of attribute designators. Being an available attribute of an
object class shall be a necessary, but not necessarily a sufficient, condition for an attribute to be used in the set of
attribute designators for such a service.

i) For any service that takes an object instance and a set of attribute designators as arguments, only the available
attributes of that object instance’s known class at the involved (invoking or invoked) federate may be used in the
set of attribute designators. Being an available attribute of the object instance’s known class shall be a necessary,
but not necessarily a sufficient, condition for an attribute to be used in the set of attribute designators for such a
service.
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5.1.2 Definitions and constraints for object classes and class attributes

The following declaration management definitions and constraints shall pertain to object classes and class attributes
as declared in the class hierarchy of the FED:

a)

b)

d)

f)

)

h)

44

An attribute may be used as an argumeiioscribe Object Class AttributasdPublish Object Classervice
invocations for a particular object class if and only if the attribute is an available attribute of that object class.

From a federate's perspective, shibscribed attributes of an object clat®ll be the class attributes that were
arguments to the most recé&hbscribe Object Class Attributssrvice invocation by that federate for that object
class, assuming the federate did not subsequently invokingwbscribe Object Claservice for that object
class. If the federate did subsequently invokdthsubscribe Object Claservice for that object class, if the
federate has not invoked tBeibscribe Object Class Attributesrvice for that object class, or if the most recent
Subscribe Object Class Attributesrvice invocation by that federate for that object class had an empty set of
class attributes as argument, there shall be no subscribed attributes of that class for that Sedbescatbe (
Object Class AttributeandUnsubscribe Object Claservice invocations for one object class shall have no
effect on the subscribed attributes of any other object class.)

If a class attribute is a subscribed attribute of an object class, the federate shall be subscribed to that class
attribute either actively or passively, but not both.

From a federate's perspective, plublished attributes of an object clasisall be the class attributes that were
arguments to the most recéniblish Object Classervice invocation by that federate for that object class,
assuming the federate did not subsequently invokgtipeiblish Object Classervice for that object class. If the
federate did subsequently invoke thepublish Object Classervice for that object class, if the federate has not
invoked thePublish Object Classervice for that object class, or if the most re¢airtilish Object Class
Attributesservice invocation by that federate for that object class had an empty set of class attributes as argu-
ment, there shall be no published attributes of that class for that fedetddisi{ Object ClasandUnpublish

Object Classervice invocations for one object class shall have no effect on the published attributes of any other
object class.)

If a federate takes action that results in a class attribute that was a published attribute of its class no longer being
a published attribute of its class, the federate shall be said tetogped publishinghat class attribute at that

class. There shall be two ways that a federate may stop publishing a class attribute at a specific class: by invoking
theUnpublish Object Classervice for that object class or by invoking Bwblish Object Classervice for that

object class without that class attribute designator among the arguments. These two ways of stopping publication
of a class attribute shall be depicted by the labeafsublishandPublish (-i)on the transition from the Published

to the Unpublished state in the Publication state diagram of the Class Attribute (i) state (Figure 6).

From a federate’s perspective, an object class shallilbecribedf and only if
— It was an argument toSubscribe Object Class Attributesrvice invocation by that federate,

— A non-empty set of class attributes was used as an argument to the mosSudxsenibe Object Class
Attributesservice invocation for that object class by that federate, and

— The most recenBubscribe Object Class Attributesrvice invocation for that object class by that federate
was not subsequently followed by @nsubscribe Object Classervice invocation for the object class.

From a federate's perspective, an object class shalidlishedf and only if:
— It was an argument toRublish Object Classervice invocation by that federate,

— A non-empty set of class attributes was used as an argument to the modeublishtObject Classervice
invocation for that object class by that federate, and

— The most recerRublish Object Classervice invocation for that object class by that federate was not subse-
qguently followed by atunpublish Object Classervice invocation for that object class.

Federates may invoke tRegister Object Instancervice only with a published object class as an argument.
Theregistered classf an object instance shall be the object class that was an argumerRégitter Object
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)
k)

m)

0)

Instanceservice invocation for that object instance.
Every object instance shall have one federation-wide registered class that cannot change.

If the Discover Object ®ervice is invoked at a federate, the object instance discovered as a result of this service
invocation shall have discovered clasat that federate. The discovered class of the object instance shall be a
supplied parameter to tfidscover Object kervice invocation.

An object instance may have at most one discovered class in each federate. This discovered class may vary from
federate to federate. Once an object instance is discovered, its discovered class shall not change. If a federate
invokes thd_ocal Delete Object Instanceervice for a given object instance, that object instance may be redis-
covered. It may be rediscovered at a different discovered class.

If a federate has registered or discovered an object instance and it has not subsequently
— invoked theLocal Delete Object Instans®rvice for that object instance,

— invoked theDelete Object Instancgervice for that object instance, or

— received an invocation of tHieemove Object Instancesgrvice for that object instance, the object instance
shall be known to that federate, and that object instancekmasva classat that federate. The known class
of that object instance at that federate shall be the object instance’s registered class if the federate knows
about the object instance as a result of having registered iknbven clasof that object instance at that
federate shall be the object instance’s discovered class if the federate knows about the object instance as a
result of having discovered it.

A federate may own and update only an instance attribute for which it is publishing the corresponding class
attribute at the known class of the instance attribute.

An update to an instance attribute by the federate that owns that instance attribute shall be reflected only by other
federates that are subscribed to the corresponding class attribute at the instance attribute’s known class at the sub-
scribing federate.

5.1.3 Definitions and constraints for interaction classes and parameters

The following declaration management definitions and constraints shall pertain to interaction classes and parameters
as declared in the interaction class hierarchy of the FED:

a) From a federate's perspective, an interaction class stsilbberibedf and only if it was an argument toSaib-
scribe Interaction Classervice invocation by that federate that was not subsequently followedUnsab-
scribe Interaction Classervice invocation for that interaction class.

b) If an interaction class is subscribed, the federate shall be subscribed to that interaction class either actively or
passively, but not both.

c) From afederate's perspective, an interaction class shalbtishedf and only if it was an argument tdPaib-
lish Interaction Classervice invocation by that federate that was not subsequently followedUnpablish
Interaction Classervice invocation for that interaction class.

d) Federates may invoke tBend Interactiorservice only with a published interaction class as an argument.

e) Thesent clas®f an interaction shall be the interaction class that was an argumenSenthénteractiorservice
invocation for that interaction.

f) Every interaction shall have one federation-wide sent class.

g) TheReceive Interaction $ervice shall be invoked at a federate only with a subscribed interaction class as an
argument.

h) If theReceive Interaction $ervice is invoked at a federate, the interaction received as a result of this service
invocation shall have @eceived clasat that federate. Threceived classf an interaction is the interaction class
that is an argument to tiiReceive Interaction $ervice invocation.
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i) Aninteraction may have at most one received class in each federate. This received class may vary from federate
to federate.

i) Only the available parameters of an interaction class may be us&biddnteractiorservice invocation with
that interaction class as argument.

k) Thesent parametersf an interaction shall be the parameters that were arguments3erttiénteractioservice
invocation for that interaction.

[) Thereceived parametersf an interaction shall be the parameters that were argumentsRedéie Interaction
T service invocation for that interaction.

m) The received parameters of an interaction shall be the subset of the sent parameters that are available parameters
for the interaction's received class.

n) The received parameters for a given interaction may vary from federate to federate, depending on the received
class of the interaction.

When an object instance’s discovered class is a super-class of its registered class, the object instance shall be said to
have beempromotedfrom the registered class to the discovered class. Similarly, when an interaction's received class

is a super-class of its sent class, the interaction shall be said to have been promoted from the sent class to the received
class. Promotion is important for protecting federate code from new subclasses added to the FED. As the FED is ex-
panded to include new object and interaction classes, promotion ensures that existing federate code need not change
to work with the expanded FED.

The following figures depict formal representations of the state of an arbitrary object class, an arbitrary class attribute,
and an arbitrary interaction class. Figure 5 depicts the state of an arbitrary object class and it deals with object classes
at two levels. First, it establishes that each class attribute of the object class has some state worth modeling. Second, it
establishes that there are an arbitrary number of instances of each object class. Further, it defines what conditions allow
an object instance to be known by a federate as an instance of that object class.

Conceptually, the state of an object class shall comprise the state of the class attributes of that object class and of the
object instances of that object class. The state of an object instance shall further comprise the state of the instance at-
tributes of that object instance. There shall be a correspondence between the instance attributes and their corresponding
class attributes. This correspondence shall be modeled via the index to each attribute. A reference within instance at-
tribute (i) to something modeled at the class attribute (i) level shall mean thsitatteethe same and thus the corre-
sponding class attribute is being referenced.

Each object class shall have a fixed number of available class attributes as defined in the FED. The number of object
instances of a given class, however, shall be arbitrary.

An object instance of an object class shall become known by the registering federate when the object instance is reg-
istered. It may become known by other federates in the federation execution. If it becomes known by other federates
in the federation execution, it shall become known by them as a result of being discovered.
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Figure 6 depicts the state of an arbitrary class attribute and shows the properties that may be controlled by a federate
at the class attribute level. Specifically, a federate may publish or subscribe to class attributes. Rihlkstn©b-

ject ClassandSubscribe Object Class Attributssrvice invocations can take sets of class attributes as an argument,
Figure 6 depicts only a single class attribute. So, for examplaish (i)shall mean that thigh class attribute was an

element of the set used as an argument t@tiish Object Classervice A Publish (-i) shall mean that tfublish

Object Classervice was invoked, but that thk class attribute was not an element of the set used as an argument to
the service.

The federate may also direct the RTI viaHmable/Disable Class Relevance Advisory Svatalvices to indicate that

the federate does or does not want the RTI to usBtdreRegistration For Object ClassahdStop Registration For

Object Class bervices to inform the federate when registration of new object instances are relevant to the other fed-
erates in the federation execution.

48 Copyright 00 1998 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change



20 April 1998

IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1

() aquosans \.
10

uonduosgns

1
1
1
1
1
1
1
1
1 (1) usnand
" 10
aquasgnsun | ysiigndun
1
(0] | 0]
paquasgnsun 1 paysiigndun
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
() aquosgns " (1) usand
10 !
aguasgnsun (1) equosans "
1
Y : Y
1
1
1
0} ! 0
paquasgns " paysiiand
1
(1) squosans " (1) ysiiand
1
1
]
1
1
1

[.(1) axnbay o3 Buiia, Aue urjou
[ «(1) Buuinbay, Aue ur jou
] «()) boy [oued o1 buihil,
Aue uiiou ]
(i) ustiand
1o
usiigndun

uonesland

(1) anguny sse|o

Figure 6—Class attribute (i)

49

This is an unapproved IEEE Standards Draft, subject to change

Copyright O 1998 IEEE. All rights reserved.



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

Figure 7 depicts the state of an arbitrary interaction class and shows the properties relating to interaction classes that
may be controlled by a federate. Specifically, a federate may publish or subscribe to interaction classes.

The federate may also direct the RTI vialEmable/Disable Interaction Relevance Advisory Swstatvices to indicate
that the federate does or does not want the RTI to uSeithenteractions On &ndTurn Interactions Off services
to inform the federate when interactions of a given class are relevant to the other federates in the federation execution.
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5.1.4 Use of Declaration Management Services and Data Distribution Management Services by
the Same Federate

A federate may use declaration management services and it may also use data distribution management services. Fed-
erates that use declaration management services exclusively may be joined to the same federation execution as feder-
ates that use declaration management services exclusively, federates that use data distribution management services
exclusively and federates that use both declaration management services and data distribution management services.
This clause describes how declaration management services work when they are used in the absence of the use of data
distribution management services by a federate, from the perspective of that federate, regardless of whether other fed-
erates in the federation are using declaration management services exclusively, data distribution management services
exclusively, or both declaration management services and data distribution management services. When both declara-
tion management services and data distribution management services are used by a single federate, some of the terms
and services defined in this clause are extended. See clause 9.1.1 for an expanded interpretation of how selected dec-
laration management services work when they are used in conjunction with data distribution management services by
a federate, from the perspective of that federate.
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5.2  Publish Object Class

The information conveyed by the federate viaRblish Object Classervice shall be used in multiple ways. First,

it shall indicate an object class of which the federate may subsequently register object instances. Second, it shall indi-

cate the class attributes of the object class for which the federate is capable of owning the corresponding instance at-

tributes of object instances whose known class is that class. Only the federate that owns an instance attribute shall
provide values for that instance attribute to the federation. The federate may become the owner of an instance attribute
and thereby be capable of updating its value in two ways:

— By registering an object instance of a published class. Upon registration of an object instance, the registering fed-
erate shall become the owner of all instance attributes of that object instance for which the federate is publishing
the corresponding class attributes at the registered class of the object instance.

— By using ownership management services to acquire instance attributes of object instances. The federate may
acquire only those instance attributes of object instances for which the federate is publishing the corresponding
class attributes at the known class of the object instance.

Each use of this service shall replace all information specified to the RTI in previous service invocations for the same
object class. A class attribute that appears in this service invocation that also appeared in the previous service invoca-
tion for the same object class shall continue to be a published attribute of the specified object class. A class attribute
that appears in this service invocation that did not appear in the previous service invocation for the same object class
shall begin to be a published attribute of the specified class. A class attribute that does not appear in this service invo-
cation but that did appear in the previous service invocation for the same object class shall stop being a published at-
tribute of the specified class.

Invoking this service with an empty set of class attributes shall be equivalent to invokisigptlitaish Object Class
service with the specified object class.

Supplied Arguments

— Object class designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The specified object class is defined in the FED.

— The specified class attributes are available attributes of the specified object class.

— If this service has been previously invoked for the same object class, then for each class attribute that was speci-
fied in the previous service invocation for this object class that was not specified in the current service invocation
for this object class, there are no federate-owned corresponding instance attributes
— that are part of an object instance whose known class is the specified class, and

— for which the federate has either

a) invoked the Attribute Ownership Acquisition service, but has not yet received an invocation of either
the Confirm Attribute Ownership Acquisition Cancellatiorsdrvice or théttribute Ownership Acqui-
sition Notification fservice, or

b) invoked theAttribute Ownership Acquisition If Availabgervice, but has not yet received an invocation
of the Attribute Ownership Unavailable gervice, received an invocation of tAgribute Ownership
Acquisition Notification service, or invoked the Attribute Ownership Acquisition service (after which
condition 1 (above) applies
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Post-conditions

— The federate may now register object instances of the specified class.

— If the federate registers an object instance of the specified class, it shall own and may therefore update the
instance attributes of that object instance that correspond to the specified class attributes.

— The specified class attributes shall now be published attributes of the specified object class. If there was a previ-
ous Publish Object Class service invocation for the specified object class by this federate, then for each class
attribute that was specified in the previous service invocation that is not specified in the current service invoca-
tion (if any), the class attribute shall no longer be a published attribute of the specified object class. All corre-
sponding instance attributes of object instances whose known class is the specified object class that were owned
by the federate shall be unowned.

Exceptions

— The object class is not defined in the FED.

— The specified class attributes are not available attributes of the specified object class.
— Cannot Unpublish due to pending attempt to acquire instance attribute ownership.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Unpublish Object Class

— Subscribe Object Class Attributes

— Reqgister Object Instance

— Start Registration For Object Class T

— Stop Registration For Object Class t

— Attribute Ownership Acquisition

— Attribute Ownership Acquisition If Available
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5.3  Unpublish Object Class

The Unpublish Object Classervice shall inform the RTI that the federate will no longer register object instances of

the specified object class. The federate shall lose ownership of all owned instance attributes of object instances whose
known class is the specified object class, which means that the federate shall no longer update any instance attribute
values of object instances whose known class is the specified object class.

Supplied Arguments
— Object class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The object class is defined in the FED.

— The federate is publishing the object class.

— For each class attribute that was specified in the most recent Publish Object Class service invocation for this
object class, there are no federate-owned corresponding instance attributes
— that are part of an object instance whose known class is the specified class, and

— for which the federate has either

a) invoked theAttribute Ownership Acquisitiogervice, but has not yet received an invocation of either the
Confirm Attribute Ownership Acquisition Cancellatiosdrvice or théttribute Ownership Acquisition
Notification fservice, or

b) invoked theAttribute Ownership Acquisition If Availabgervice, but has not yet received an invocation
of the Attribute Ownership Unavailable gervice, received an invocation of tAgribute Ownership
Acquisition Notification fservice, or invoked thattribute Ownership Acquisitiogservice [after which
condition (a) applies].

Post-conditions

— The federate may not register object instances of the specified object class.

— The federate shall no longer own any instance attributes of object instances whose known class is the specified
object class.

Exceptions

— The object class is not defined in the FED.

— The federate is not publishing the object class.

— Cannot unpublish due to pending attempt to acquire instance attribute ownership.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Publish Object Class

— Attribute Ownership Acquisition

— Attribute Ownership Acquisition If Available
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5.4  Publish Interaction Class

ThePublish Interaction Classervice shall inform the RTI which classes of interactions the federate will send to the
federation execution.

Supplied Arguments
— Interaction class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The interaction class is specified in the FED.

Post-conditions
— The federate may now send interactions of the specified class.

Exceptions

— The interaction class is not defined in the FED.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Unpublish Interaction Class
— Subscribe Interaction Class
— Send Interaction

— Turn Interactions On T

— Turn Interactions Off T
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5.5  Unpublish Interaction Class

The Unpublish Interaction Classervice shall inform the RTI that the federate will no longer send interactions of the
specified class.

Supplied Arguments
— Interaction class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.
— The interaction class is specified in the FED.

— The federate is publishing the interaction class.

Post-conditions
— The federate may not send interactions of the specified interaction class.

Exceptions

— The interaction class is not defined in the FED.

— The federate is not publishing the interaction class.
— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services
— Publish Interaction Class
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5.6  Subscribe Object Class Attributes

The Subscribe Object Class Attributesrvice shall specify an object class at which the RTI shall notify the federate

of discovery of object instances. When subscribing to an object class, the federate may also provide a set of class at-
tributes. The values of only the instance attributes that correspond to the specified class attributes, for all object in-
stances discovered as a result of this service invocation, shall be provided to the federate from the RRiefléatthe
Attribute Values tervice).The set of class attributes provided shall be a subset of the available attributes of the spec-
ified object class.

A federate shall only discover an object as being of a class to which the federate is subscribed.

If a federate subscribes to multiple locations in an object class inheritance tree, each relevant object registration shall
result in at most one object discovery by the subscribing federate. The discovered class shall be the registered class, if
subscribed by the discovering federate. Otherwise, the discovered class shall be the closest super-class of the registered
class subscribed by the discovering federate.

Each use of this service shall replace all information specified to the RTI in any pr8ulssibe Object Class At-
tributesservice invocation for the same object class.

Invoking this service with an empty set of class attributes shall be equivalent to invoKkintsthescribe Object Class
service with the specified object class.

If the optional passive subscription indicator indicates that this is a passive subscription,
a) the invocation of this service shall not causeStaet Registration For Object Classsérvice to be invoked at
any other federate and

b) if this invocation replaces a previous subscription that was active rather than passive, invocation of this service
may cause th8top Registration for Object Classérvice to be invoked at one or more other federates.

If the optional passive subscription indicator is not present or indicates that this is an active subscription, the invocation
of this service may cause tBéart Registration For Object Clasgrvice to be invoked at one or more other federates.

Supplied Arguments

— Object class designator
— Set of attribute designators
— Optional passive subscription indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The specified object class is defined in the FED.

— The specified class attributes are available attributes of the specified object class.

Post-conditions
— The RTI has been informed of the federate’s requested subscription.

Exceptions

— The object class is not defined in the FED.
— The specified class attributes are not available attributes of the specified object class.
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— Invalid passive subscription indicator.

— The federate is not a federation execution member.

— Save in progress
— Restore in progress
— RTl internal error

Related Services

— Unsubscribe Object Class Attributes
— Publish Object Class

— Discover Object T

— Attributes In Scope T

— Reflect Attribute Values 1

— Start Registration For Object Class t
— Stop Registration For Object Class T

Copyright O 1998 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change

20 April 1998

59



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

5.7 Unsubscribe Object Class

The Unsubscribe Object Clasrvice shall inform the RTI that it is to stop notifying the federate of object instance

discovery at the specified object class. All in-scope instance attributes of known object instances whose known class
is the specified object class shall go out of scope. Refer to section 9.1.1 for an expanded interpretation of this service
when a federate is using data distribution management services in conjunction with declaration management services.

Supplied Arguments
— Object class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.
— The object class is defined in the FED.

— The federate is subscribed to the object class.

Post-conditions

— The federate shall receive no subsequent Discover Object service invocations for the specified object class.

— The federate shall receive no subsequent Reflect Attribute Values T service invocations for any instance
attributes of object instances whose discovered class is the specified object class.

Exceptions

— The object class is not defined in the FED.

— The federate is not subscribed to the object class.
— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Subscribe Object Class Attributes
— Attributes Out Of Scope t
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5.8  Subscribe Interaction Class

Specifies an interaction class for which the RTI should notify the federate of sent interactions by invdReagthe
Interaction fservice at the federate.

When an interaction is received by a federate, the received class of the interaction shall be the interaction’s sent class,
if subscribed. Otherwise, the received class is the closest super-class of the sent class that is subscribed at the time the
interaction is received. Only the parameters from the interaction’s received class and its super-classes will be received.

If a federate subscribes to multiple locations in an interaction class inheritance tree, each relevant interaction sent shall
result in at most one received interaction in the subscribing federate.

If the optional passive subscription indicator indicates that this is a passive subscription,

— the invocation of this service shall not cause the Turn Interactions On T service to be invoked at any other feder-
ate and

— if this invocation replaces a previous subscription that was active rather than passive, invocation of this service
may cause the Turn Interactions Off T service to be invoked at one or more other federates.

If the optional passive subscription indicator is not present or indicates that this is an active subscription, the invocation
of this service may cause tharn Interactions On tervice to be invoked at one or more other federates.

Supplied Arguments

— Interaction class designator
— Optional passive subscription indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.
— The interaction class is defined in the FED.

Post-conditions
— The RTI will deliver interactions of the specified interaction class to the federate.

Exceptions

— The interaction class is not defined in the FED.

— Invalid passive subscription designator.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTIlinternal error

Related Services

— Unsubscribe Interaction Class
— Publish Interaction Class

— Receive Interaction T

— Turn Interactions On t

— Turn Interactions Off T
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5.9 Unsubscribe Interaction Class

TheUnsubscribe Interaction Claservice shall inform the RTI to no longer notify the federate of sent interactions of
the specified interaction class. Refer to clause 9.1.1 for an expanded interpretation of this service when data distribu-
tion management is used.

Supplied Arguments
— Interaction class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.
— The interaction class is defined in the FED.

— The federate is subscribed to the interaction class.

Post-conditions
— The RTI shall not deliver interactions of the specified interaction class to the federate.

Exceptions

— The interaction class is not defined in the FED.

— The federate is not subscribed to the interaction class.
— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services
— Subscribe Interaction Class
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5.10 Start Registration For Object Class t

The Start Registration For Object Classservice shall notify the federate that registration of new object instances of

the specified object class is advised because at least one of the class attributes that the federate is publishing at this
object class is actively subscribed to at the specified object class or at a super-class of the specified object class by at
least one other federate in the federation execution. The federate should commence with registration of object instances
of the specified class. Generation of 8tart Registration For Object Classs#rvice advisory shall be controlled us-

ing theEnable/Disable Class Relevance Advisory Swstatvices (Figure 5).

Supplied Arguments
— Object class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— At least one of the class attributes that the federate is publishing at the specified object class is actively sub-
scribed to at the specified object class or at a super-class of the specified object class by at least one other feder-
ate in the federation execution.

Post-conditions
— The federate has been notified of the requirement to begin registering object instances of the specified object
class.

Exceptions

— The object class is not published.
— Federate internal error

Related Services

— Stop Registration For Object Class t

— Publish Object Class

— Register Object Class

— Subscribe Object Class Attributes

— Enable Class Relevance Advisory Switch
— Disable Class Relevance Advisory Switch
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5.11 Stop Registration For Object Class t

The Stop Registration For Object Classérvice shall notify the federate that registration of new object instances of

the specified object class is not advised because none of the class attributes that the federate is publishing at this object
class is actively subscribed to at the specified object class or at a super-class of the specified object class by any other
federate in the federation execution. The federate should stop registration of new object instances of the specified class.

Generation of th&top Registration For Object Classérvice advisory shall be controlled using Brmable/Disable

Class Relevance Advisory Switsrvices (Figure 5).

Supplied Arguments
— Object class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— None of the class attributes that the federate is publishing at this object class is actively subscribed to at the spec-
ified object class or at a super-class of the specified object class by any other federate in the federation execution.

Post-conditions
— The federate has been notified of the requirement to stop registration of object instances of the specified object
class.

Exceptions

— The object class is not published.
— Federate internal error

Related Services

— Start Registration For Object Class T

— Publish Object Class

— Subscribe Object Class Attributes

— Unsubscribe Object Class Attributes

— Enable Class Relevance Advisory Switch
— Disable Class Relevance Advisory Switch
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5.12 Turn Interactions On

TheTurn Interactions Orf service shall notify the federate that the specified class of interactions is relevant because

it or a super-class is actively subscribed to by at least one other federate in the federation execution. The federate should
commence with the federation-agreed-upon scheme for sending interactions of the specified class. Generation of the
Turn Interactions On $ervice advisory shall be controlled using Emable/Disable Interaction Relevance Advisory
Switchservices (Figure 7).

Supplied Arguments
— Interaction class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate is publishing the interaction class.

— Some other federate is actively subscribed to the interaction class or to a super-class of the interaction class.

Post-conditions
— The federate has been notified that some other federate in the federation execution is subscribed to the interaction
class.

Exceptions

— The interaction class is not published.
— Federate internal error

Related Services

— Turn Interactions Off T

— Publish Interaction Class

— Subscribe Interaction Class

— Send Interaction

— Enable Interaction Relevance Advisory Switch
— Disable Interaction Relevance Advisory Switch
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5.13 Turn Interactions Off 1

TheTurn Interactions Off service shall indicate to the federate that the specified class of interactions is not relevant
because it or a super-class is not actively subscribed to by any other federate in the federation execution. Generation
of theTurn Interactions Off tervice advisory shall be controlled usingEmable/Disable Interaction Relevance Ad-

visory Switchservices (Figure 7).

Supplied Arguments
— Interaction class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate is publishing the interaction class.

— No other federate is actively subscribed to the interaction class or to a super-class of the interaction class.

Post-conditions
— The federate has been notified that no other federate in the federation execution is subscribed to the interaction
class.

Exceptions

— The interaction class is not published.
— Federate internal error

Related Services

— Turn Interactions On t

— Publish Interaction Class

— Subscribe Interaction Class

— Unsubscribe Interaction Class

— Enable Interaction Relevance Advisory Switch
— Disable Interaction Relevance Advisory Switch
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6. Object management

6.1 Overview

This group of RTI services shall deal with the registration, modification, and deletion of object instances and the send-
ing and receipt of interactions.

Object instance discovery is a prime concept in this service group. Object irGtsinakk have a candidate discovery

class at federate if federateF is subscribed to either the registered clas3 of to a superclass of the registered class

of O. (A federate F may be subscribed either by the declaration management subscriptiorfbebsdrbe Object

Class Attributesr by the data distribution management subscription seBatscribe Object Class Attributes With

Region) If an object instance has a candidate discovery class at a federate, the candidate discovery class of the object

instance at that federate shall be the object instance’s registered class, if subscribed to by the federate. Otherwise, the
candidate discovery class of the object instance shall be the closest superclass of the object instances’s registered class
to which the federate is subscribed.

A federate discovers an object instance viaDtseover Object Instance service. This service shall be invoked at a
federate- for object instanc® when

a) Ois not known af, and

b) there is an instance attributef O that has a corresponding class attribytend
¢ Another federate (nd%) ownsi, and
e either
a) i'is a subscribed attribute Ofs candidate discovery class, or

b) i'is a subscribed attribute @fs candidate discovery class with region and the region that is used for
updates of i by the owning federate overlaps a region that is used for subscription of i' at O’s candidate
discovery class at the subscribing federate.

When theDiscover Object Instanceservice is invoked, the class that is an argument to this service invocation shall

be called thaliscovered classf the object instance. At the moment of discovery, the discovered class shall be the
same as the candidate discovery class. Subsequent to discovery, the discovered class cannot change. The candidate
discovery class may change. As long as an object instance remains known, however, its candidate discovery class is
not of interest.

When a federate either uses Register Object Instan®rvice to register an object instance or receives an invocation

of the Discover Object Instanckto discover an object instance, that object instance becomes known to the federate
and the object instance has a known class at that federate. If a federate knows about an object instance as a result of
having registered it, that object instance’s known class is its registered class. If the federate knows about the object
instance as a result of having discovered it, the object instance’s known class is its discovered class.

When theDiscover Object Instanck service is invoked, there shall be an instance attribute that is part of the newly
discovered object instance that immediately comes into scope at the discovering federate, both when data distribution
management is used and when it isn't used. An instance attribute of an object instancensdwdplefor federatd- if

a) The object instance is known to the federate,
b) The instance attribute is owned by another federate, and

c) either
e The instance attribute’s corresponding class attribute is a subscribed attribute of the known class of the ob-
ject instance, or
« The instance attribute’s corresponding class attribute is a subscribed attribute of the known class of the ob-
ject instance with region, and the region that is used for updates of the instance attribute by the owning fed-
erate overlaps a region that is used for subscription of the instance attribute’s corresponding class attribute
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at the known class of the instance attribute at the subscribing federate.

A federate may also direct the RTI, via theable/DisableAttribute Relevance Advisory Switsérvices, to indicate

that the federate does or does not want the RTI to uskutineUpdates On For Object InstancamdTurn Updates

Off For Object Instance $ervices to inform the federate when updates to particular instance attributes are relevant to
the other federates in the federation execution.

Interaction receipt is also an important concept in the object management service group. Intestaallibave @an-

didate received clasat federatéd- if federateF is subscribed to either the sent clask@fto a superclass of the sent

class ofl. (A federate F may be subscribed to an interaction class either by the declaration management subscription
serviceSubscribe Interaction Clags by the data distribution management subscription seBribscribe Interaction

Class With Regial If an interaction has a candidate received class at a federate, the candidate received class of the
interaction at that federate shall be the interaction’s sent class, if subscribed to by the federate. Otherwise, the candidate
received class of the interaction shall be the closest superclass of the interaction’s sent class to which the federate is
subscribed.

A federate receives an interaction via BReceive Interactiorf service. This service shall be invoked at a feddfate
when

a) Another federate (néf) has invoked th&end Interactiorservice to send interactidpand

b) either
. | has a candidate received clask and this candidate received class is a subscribed interaction class, or
. | has a candidate received clasB and this candidate received class is a subscribed interaction class with

region, and the region that was used for sendbgthe sending federate overlaps a region that is used for
subscription of’ s candidate received class at the subscribing federate.

When theReceive Interaction $ervice is invoked, the class that is an argument to this service invocation shall be
called thereceived classf the interaction that is received as a result of this service invocation. At the moment of re-
ceipt, the received class shall be the same as the candidate received class.

The following statecharts depict formal representations of the state of an arbitrary object instance, an arbitrary instance
attribute, and the implications of ownership of an arbitrary instance attribute.
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6.2 Register Object Instance

The RTI shall create a unique (to the local federate) object instance designator and shall link it with an instance of the
supplied object class. All instance attributes of the object instance for which the corresponding class attributes are cur-
rently published by the registering federate shall be set as owned by the registering federate.

If the optional object instance name argument is supplied, that name shall be unique and shall be associated with the
object instance. The supplied object instance name shall not use the string "HLA" as the initial part of the name. If the
optional object instance name argument is not supplied, the RTI shall create one when@Gee@4dyect Instance
Nameservic§.

Supplied Arguments

— Object class designator
— Optional object instance name

Returned Arguments
— Object instance designator

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The object class is defined in the FED.

— The federate is publishing the object class.

— If the optional object instance name argument is supplied, that name is unique.

Post-conditions

— The returned object instance designator is associated with the object instance.

— The federate owns the instance attributes that correspond to the currently published class attributes for the speci-
fied object class.

— If the optional object instance name argument is supplied, that name is associated with the object instance.

Exceptions

— The object class is not defined in FED.

— The federate is not publishing the specified object class.
— The object instance name is not unique.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Publish Object Class

— Discover Object Instance T

— Get Object Instance Name

— Get Object Instance Handle
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6.3 Discover Object Instance T

The Discover Object Instance dervice shall inform the federate to discover an object instance. An object instance
shall be discovered when the instance has been registered by another federate or as theLesallOsflete Object
Instanceservice invocation. The object instance designator shall be unique to the local federate.

Supplied Arguments

— Object instance designator
— Object class designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The object class is published by some federate.

— The federate is subscribed to the object class.

— The instance of the class has been registered by another federate.

— The federate does not know about the object instance with the specified designator.

Post-conditions
— The object instance is known to the federate.

Exceptions

— The federate could not discover the object instance.
— The object class is not known.

— Federate internal error

Related Services

— Reqgister Object Instance

— Subscribe Object Class

— Subscribe Object Class With Region
— Local Delete Object Instance
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6.4  Update Attribute Values

TheUpdate Attribute Valueservice shall provide current values to the federation for instance attributes owned by the
federate. The federate shall supply changed instance attribute values as specified in the FED. This service, coupled
with theReflect Attribute Values gervice, shall form the primary data exchange mechanism supported by the RTI.
The service shall return a federation-unique event retraction designator. An event retraction designator shall be re-
turned only if the federation time argument is supplied.

Supplied Arguments

— Object instance designator

— Set of attribute designator and value pairs
— User-supplied tag

— Optional federation time

Returned Arguments
— Optional event retraction designator

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate owns the instance attributes for which values are provided.
— The attributes are defined in the FED.

— An object instance with the specified designator exists.

Post-conditions
— The RTI will distribute the new instance attribute values to subscribing federates.

Exceptions

— The object instance is not known.

— The specified class attributes are not available attributes of the instance object class.
— The federate does not own the specified instance attributes.

— The federation time is invalid (if optional time argument is supplied).

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Reflect Attribute Values t
— Retract
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6.5 Reflect Attribute Values T

TheReflect Attribute Valuekservice shall provide the federate with new values for the specified instance attributes.
This service, coupled with thépdate Attribute Valueservice, shall form the primary data exchange mechanism sup-
ported by the RTI.

All the instance attribute/value pairs indpdate Attribute Valueservice invocation for instance attributes that have
identical transportation and message-ordering types shall be in one corresgeftiog Attribute Values dervice
invocation. This implies that ondpdate Attribute Valueimvocation could result in multiplReflect Attribute Values

T invocations in a subscribing federate. The federation time and event retraction designator arguments shall be supplied
together or not at all.

Supplied Arguments

— Object instance designator

— Set of attribute designator and value pairs
— User-supplied tag

— Optional federation time

— Optional event retraction designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.
— The federate is subscribed to the attributes.

— The federate does not own the instance attributes.

Post-conditions
— The new instance attribute values have been supplied to the federate.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.

— The instance attribute is owned by the federate.

— The federation time is invalid (if optional time argument is supplied).
— Federate internal error

Related Services

— Update Attribute Values
— Request Retractioh
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6.6  Send Interaction

The Send Interactiorservice shall send an interaction into the federation. The interaction parameters may be those in
the specified class and all super-classes, as defined in the FED. The service shall return a federation-unique event re-
traction designator. An event retraction designator shall be returned only if the federation time argument is supplied.

Supplied Arguments

— Interaction class designator

— Set of interaction parameter designator and value pairs
— User-supplied tag

— Optional federation time

Returned Arguments
— Optional event retraction designator

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.
— The federate is publishing the interaction class.
— The interaction class is defined in the FED.

— The parameters are defined in the FED.

Post-conditions
— The RTI has received the interaction.

Exceptions

— The federate is not publishing the specified interaction class.

— The interaction class is not defined in FED.

— The interaction parameter is not defined in FED.

— The federation time is invalid (if optional time argument is supplied).
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Receive Interaction t

— Publish Interaction Class
— Retract
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6.7 Receive Interaction T

TheReceive Interactiofi service shall provide the federate with a sent interaction. The federation time and event re-
traction designator arguments shall be supplied together or not at all.

Supplied Arguments

— Interaction class designator

— Set of interaction parameter designator and value pairs
— User-supplied tag

— Optional federation time

— Optional event retraction designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The federate is subscribed to the interaction class.

Post-conditions
— The federate has received the interaction.

Exceptions

— The interaction class is not known.

— The interaction parameter is not known.

— The federation time is invalid (if optional time argument is supplied).
— Federate internal error

Related Services

— Send Interaction

— Subscribe Interaction Class
— Request Retraction
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6.8 Delete Object Instance

The Delete Object Instancservice shall inform the federation that an object instance with the specified designator,
owned by the federate, is to be removed from the federation execution. Once the object instance is removed from the
federation execution, the designator shall not be reused and all federates which owned attributes of the object instance
no longer own those attributes. The RTI shall usd&émaove Objedtervice to inform the reflecting federates that the

object instance has been deleted. The invoking federate shall own the privilegeToDeleteObject attribute of the speci-
fied object instance. The preferred order type of the sent message represbetitge ®bject Instanceervice invo-

cation shall be based on the preferred order type of the privilegeToDeleteObject attribute of the specified object
instance, see clause 8.1.1, Messages. An event retraction designator shall be returned only if the federation time argu-
ment is supplied.

Supplied Arguments

— Object instance designator
— User-supplied tag
— Optional federation time

Returned Arguments
— Optional event retraction designator

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The federate has the privilege to delete the object instance (it owns the privilegeToDeleteObject instance
attribute).

Post-conditions

— The invoking federate may no longer update any previously owned attributes of the specified object instance.
— The object instance does not exist in the federation execution.

Exceptions

— The federate does not own the delete privilege.

— The object instance is not known.

— The federation time is invalid (if optional time argument is supplied).
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Remove Object Instance T
— Retract
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6.9 Remove Object Instance T

TheRemove Object Instandeservice shall inform the federate that an object instance has been deleted from the fed-
eration execution. The federation time and event retraction designator arguments shall be supplied together or not at
all.

Supplied Arguments

— Object instance designator

— User-supplied tag

— Optional federation time

— Optional event retraction designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The federate knows about the object instance with the specified designator.

Post-conditions
— The federate has been notified to remove the object instance and may not update any previously owned attributes
of the object instance.

Exceptions

— The object instance is not known.
— The federation time is invalid (if optional time argument is supplied).
— Federate internal error

Related Services

— Delete Object Instance
— Request Retraction
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6.10 Local Delete Object Instance

TheLocal Delete Object Instana®rvice shall inform the RTI that it shall treat the specified object instance as if the
RTI had never notified the invoking federate to discover the object instance. The object instance shall not be removed
from the federation execution. The federate does not need to own the privilegeToDeleteObject instance attribute for
the object instance.

Supplied Arguments
— Object instance designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The federate owns no attributes of the specified object instance.

Post-conditions

— The object instance does not exist with respect to the invoking federate.

— The object instance may be rediscovered by the invoking federate, at a possibly different class than previously
discovered.

Exceptions

— The object instance is not known.

— The federate owns instance attributes.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Discover Object T
— Delete Object Instance
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6.11 Change Attribute Transportation Type

The transportation type for each attribute of an object instance shall be initialized from the object class description in
the FED. A federate may choose to change the transportation type during execution. Invoingnite Attribute
Transportation Typservice shall change the transportation type for all futipeate Attribute Valueservice invo-

cations for the specified attributes of the specified object instance only for the invoking federate. If the invoking fed-
erate loses ownership of an instance attribute after changing its transportation type and later acquires ownership of that
instance attribute again, the transportation type will be as defined in the FED.

Supplied Arguments

— Object instance designator
— Set of attribute designators
— Transportation designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The specified class attributes are available attributes of the known class of the specified object instance designa-
tor.

— The federate owns the instance attributes.

Post-conditions
— The transportation type is changed for the specified instance attributes.

Exceptions

— The object instance is not known.

— The class attribute is not available at the known class of the object instance.
— The federate does not own the specified instance attributes.

— The transportation designator is invalid.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Update Attribute Values
— Change Attribute Order Type
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6.12 Change Interaction Transportation Type

The transportation type for each interaction shall be initialized from the interaction class description in the FED. A
federate may choose to change the transportation type during execution. Involdhgutige Interaction Transpor-

tation Typeservice shall change the transportation type for all fubared InteractiomndSend Interaction with Re-

gion service invocations for the specified interaction class for the invoking federate only.

Supplied Arguments

— Interaction class designator
— Transportation designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.
— The interaction class is defined in the FED.

— The federate is publishing the interaction class.

Post-conditions
— The transportation type is changed for the specified interaction class.

Exceptions

— The interaction class is not defined in FED.

— The federate is not publishing the interaction class.
— The transportation designator is invalid.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Send Interaction
— Change Interaction Order Type
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6.13 Attributes In Scope T

The Attributes In Scopéd service shall notify the federate that the specified attributes for the object instance are in
scope for the federate. Subsequent to this service invocation, the RTI mayeflege Attribute Values gervice in-
vocations for any of the set of attributes for the object instance. GeneratioAtfithaes In Scop# service advisory

can be controlled using tlienable/Disable Attribute Scope Advisory Swielvices.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.
— The federate is subscribed to the class attributes.

— The federate does not own the instance attributes.

— If there are regions involved, they overlap, see clause 9.1, Overview.

Post-conditions

— The RTI is allowed to issuReflect Attribute Values gervice invocations for any of the set of attributes of the
object instance.

— The federate is ready to acc&gmflect Attribute Values dervice invocations for any of the set of attributes of the
object instance.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.
— Federate internal error

Related Services

— Attributes Out Of Scope T

— Reflect Attribute Values 1

— Enable Attribute Scope Advisory Switch
— Disable Attribute Scope Advisory Switch
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6.14 Attributes Out Of Scope t

The Attributes Out Of Scopt service shall notify the federate that the specified attributes of the object instance are
out of scope for the federate. The RTI shall guarantee not to issue any subBedleentAttribute Values dervice
invocations for any of the set of attributes for the object instance. GenerationAttritietes Out Of Scopkservice
advisory can be controlled using theable/Disable Attribute Scope Advisory Swielvices.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— At least one of the following is not true:

— The federate knows about the object instance with the specified designator.
— The federate is subscribed to the class attributes.

— The federate does not own the instance attributes.

— If there are regions involved, they overlap, see clause 9.1, Overview.

Post-conditions

— The RTI guarantees not to issReflect Attribute Values dervice invocations for any of the set of attributes of
the object instance.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.
— Federate internal error

Related Services

— Attributes In Scope

— Reflect Attribute Values 1

— Enable Attribute Scope Advisory Switch
— Disable Attribute Scope Advisory Switch
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6.15 Request Attribute Value Update

The Request Attribute Value Updaservice shall be used to stimulate the update of values of specified attributes.
When this service is used, the RTI shall solicit the current values of the specified attributes from their owners using
theProvide Attribute Value Updateskrvice. When an object class is specified, the RTI shall solicit the values of the
specified instance attributes for all the object instances of that class. When an object instance designator is specified,
the RTI shall solicit the values of the specified instance attributes for the particular object instance. The federation time
of any resultingReflect Attribute Values dervice invocations is determined by the updating federate.

Supplied Arguments

— Object instance designator or object class designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists (when first argument is an object instance designator).

— The specified class attributes are available attributes of the known class of the specified object instance designa-
tor (when first argument is an object instance designator).

— The specified object class is defined in the FED (when first argument is an object class).

— The specified class attributes are available attributes of the specified object class (when first argument is an
object class).

Post-conditions
— The request for the updated attribute values has been received by the RTI.

Exceptions

— The object instance is invalid (if an object instance designator was specified)

— The object class is not defined in FED (if an object class designator was specified)
— The class attribute is not available at the known class of the object instance.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Provide Attribute Value Update
— Update Attribute Values
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6.16 Provide Attribute Value Update t

TheProvide Attribute Value Updatkservice shall request the current values for attributes owned by the federate for
a given object instance. The federate shall respond frtivide Attribute Value Updatkeservice with an invocation
of theUpdate Attribute Valueservice to provide the requested instance attribute values to the federation.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.
— The federate owns the specified instance attributes.

Post-conditions
— The federate has been notified to provide updates of the specified instance attribute values.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.
— The instance attribute is not owned.

— Federate internal error

Related Services

— Request Attribute Value Update
— Update Attribute Values
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6.17 Turn Updates On For Object Instance t

The Turn Updates On For Object Instanteservice shall indicate to the federate that the values of the specified at-
tributes of the specified object instance are required somewhere in the federation execution. The federate shall com-
mence with the federation-agreed-upon update scheme for the specified instance attributes. Generaliomof the
Updates On For Object Instandeservice advisory can be controlled using Brable/Disable Attribute Relevance
Advisory Switclservices.

Supplied Arguments

— Object instance designator
— Set of attribute designators type

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate owns the instance attributes.

— The federate knows about the object instance with the specified designator.

— Some other federate in the execution is actively subscribed to the attributes of the object class.

Post-conditions

— The federate has been notified by another federate in the federation execution of the requirement for updates of
the specified attributes of the specified object instance.

Exceptions

— The object instance is not known.
— The instance attribute is not owned.
— Federate internal error

Related Services

— Turn Updates Off For Object Instance t

— Publish Object Class

— Subscribe Object Class Attributes

— Subscribe Object Class Attributes With Region
— Update Attribute Values

— Enable Attribute Relevance Advisory Switch
— Disable Attribute Relevance Advisory Switch
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6.18 Turn Updates Off For Object Instance t

The Turn Updates Off For Object Instanteservice shall indicate to the federate that the values of the specified at-
tributes of the object instance are not required anywhere in the federation execution. Generatiburofiipelates

Off For Object Instancé service advisory can be controlled using Emable/Disable Attribute Relevance Advisory
Switchservices.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate owns the specified instance attributes.

— The federate knows about the object instance with the specified designator.
— No other federate is actively subscribed to the attributes of the object class.

Post-conditions
— The federate has been notified by another federate in the federation execution that updates of the specified
attributes of the specified object instance are not required.

Exceptions

— The object instance is not known.
— The attribute is not owned.

— Federate internal error

Related Services

— Turn Updates On For Object Instance t

— Publish Object Class

— Subscribe Object Class Attributes

— Subscribe Object Class Attributes With Region
— Update Attribute Values

— Enable Attribute Relevance Advisory Switch
— Disable Attribute Relevance Advisory Switch
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7. Ownership management

7.1 Overview

Ownership management shall be used by federates and the RTI to transfer ownership of instance attributes among fed-
erates. The ability to transfer ownership of instance attributes among federates shall be required to support the coop-
erative modeling of a given object instance across a federation. Only the federate that owns an instance attribute

— shall invoke the Update Attribute Values service to provide a new value for that instance attribute,

— shall receive invocations of the Provide Attribute Value Update T service for that instance attribute, and

— shall receive invocations of thEurn Updates On For Object Instanceahd Turn Updates Off For Object
Instance fservices pertaining to that instance attribute.

Figure 11 depicts the ways that ownership of a single instance attribute may be established from the viewpoint of a
given federate. This diagram is complete insofar as all transitions shown represent legal operations, and transitions that
are not shown represent illegal operations. lllegal operations shall generate exceptions if invoked.
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An instance attribute shall not be owned by more than one federate at any given time, and an instance attribute may be
unowned by all federates. From a given federate’s perspective, every instance attribute shall be either owned or un-
owned. Hence, within the state machine depicted in Figure 11, Establishing ownership of instance attribute (i), the
owned and unowned states are exclusive.

Upon registration of an object instance, the registering federate shall own all instance attributes of that object instance
for which the federate is publishing the corresponding class attributes at the registered class of the object instance. All
other instance attributes of that object instance shall be unowned by all federates. Upon discovery of an object instance,
the discovering federate shall not own any instance attributes of that object instance. If a federate does not own an in-
stance attribute, it shall not own that instance attribute until it has receivdttibote Ownership Acquisition Notifi-

cation T (AOAN T}¥ervice invocation for it.

Within the owned state there shall be two parallel state machines for divestiture and release, meaning that an instance
attribute is in both of these machines simultaneously. Each of these state machines shall have two exclusive states. An
instance attribute that is owned is either in the process of being divested or not in the process of being divested. Simul-
taneously, a request to release it has either been received by its owning federate or not. Upon becoming owned, an
instance attribute is initially not in the process of being divested and, simultaneously, no request to release it has yet
been received. Because the divestiture and release state machines of operate in parallel, a federate may, for example,
respond to &equest Attribute Ownership Releassetvice invocation with abinconditional Attribute Ownership
Divestitureor Negotiated Attribute Ownership Divestituservice invocation.

Ownership of an instance attribute shall be transferred from one federate to another either by the owning federate re-
guesting to divest itself of the instance attribute or by a hon-owning federate requesting to acquire it. Whether an in-
stance attribute changes ownership as a result of being divested by its owner or acquired by a non-owner, however, the
instance attribute shall change ownership only as a result of explicit service invocations by the owning and acquiring
federates. Ownership shall not be taken away from, nor shall it be given to, a federate without the federate’s consent.

7.1.1 Ownership and publication

The ownership of an instance attribute is closely related to whether that instance attribute’s corresponding class at-
tribute is published at the known class of the instance attribute. This means that the ownership state machine in Figure
11, Establishing ownership of instance attribute (i), which operates in parallel with the publication state machine in
Figure 6, Class attribute (i), also shares interdependencies with the publication state machine. A federate shall be pub-
lishing a class attribute at the known class of an object instance in order to own the corresponding instance attribute of
that object instance. This means that:

— A federate shall be publishing a class attribute at the known class of an object instance before it may become the
owner of the corresponding instance attribute of that object instance. This interdependency between ownership
and publication is expressed in Figure 11, Establishing ownership of instance attribute (i) by the Not Able to
Acquire state, the [in "Unpublished (i)"] and [in "Published (i)"] transitions in the Unowned state, and the condi-
tional transition into the Owned and Unowned states from the start state.

— If the federate that owns an instance attribute stops publishing the corresponding class attribute at the known
class of the instance attribute, the instance attribute shall immediately become unowned. This interdependency
between ownership and publication is expressed in Figure 11, Establishing ownership of instance attribute (i) by
the transition from the Owned to the Unowned state that is labeled [in “Unpublished (i)"]. As depicted by the
guard on the transition from the Published to the Unpublished state in the publication state machine shown in
Figure 6, Class attribute (i), a federate shall not stop publication of a class attribute at a given class if there is an
object instance that has that class as its known class and that has a corresponding instance attribute that is in
either the Acquisition Pending or Willing to Acquire state at that federate. That is, a federate shall not stop pub-
lishing a class attribute at a given class if there is an object instance that has that class as its known class and that
has a corresponding instance attribute for which the federate has

a) Invoked theAttribute Ownership Acquisitioservice, but has not yet received an invocation of either
the Confirm Attribute Ownership Acquisition Cancellatiorsdrvice or théttribute Ownership Acqui-
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sition Notification tservice, or

b) Invoked the Attribute Ownership Acquisition If Available service, but has not yet received an invoca-
tion of the Attribute Ownership Unavailable 1 service, received an invocation of the Attribute Owner-
ship Acquisition Notification T service, or invoked the Attribute Ownership Acquisition service [after
which condition (a) (above) applies].

7.1.2 Ownership transfer

An instance attribute that is successfully divested shall become unowned by the divesting federate. If an instance at-
tribute is unowned, its corresponding class attribute at the known class of the instance attribute may be either published
or unpublished. If the class attribute is published at that class, the federate shall be eligible to acquire the corresponding
instance attribute and it may be offered ownership of that instance attribute by the RT Regtlest Attribute Own-

ership Assumption s$ervice. There are five ways in which an owning federate may attempt to divest itself of an in-
stance attribute and two ways in which a non-owning federate may attempt to acquire one.

7.1.21 Divestiture

The five actions that a federate may take to cause an instance attribute that it owns to become unowned are

a) The federate may invoke thimconditional Attribute Ownership Divestituservice, in which case the instance
attribute shall immediately become unowned by that federate and, in fact, by all federates.

b) The federate may invoke thNegotiated Attribute Ownership Divestitigervice, which naotifies the RTI that the
federate wishes to divest itself of the instance attribute providing that the RTI can locate a federate that is willing
to own the instance attribute. If any federates are in the process of trying to acquire the instance attribute, these
federates are willing to own the instance attribute. The RTI can try to identify other federates that are willing to
own the instance attribute by invoking fRequest Attribute Ownership Assumptiaeivice at all federates that
are not in the process of trying to acquire the instance attribute, but that are publishing the instance attribute’s
corresponding class attribute at the known class of the instance attribute. If the RTI is able to locate a federate
that is willing to acquire the instance attribute, the RTI shall notify the divesting federate that it no longer owns
the instance attribute by invoking tA#tribute Ownership Divestiture Notification T (AODNsBrvice at the
divesting federate.

c) The federate may invoke tidtribute Ownership Release Resposserice (in response to having received an
invocation of theRequest Attribute Ownership Releasgetvice for the designated instance attribute). This ser-
vice invocation shall have a return argument that the RTI shall use to indicate the set of instance attributes that
have been successfully released. So, ifAttigbute Ownership Release Respossevice returns with the desig-
nated instance attribute among the set of released instance attributes, the instance attribute shall be unowned. [In
Figure 11, Establishing ownership of instance attribute (i), the transition from the owned to the unowned state via
anAttribute Ownership Release Resposserice invocation is labeldRkelease Response (ret: succeS)is is
a convenience notation indicating that the instance attribute in question is a member of the returned instance
attribute set.

d) The federate may stop publishing the instance attribute’s corresponding class attribute at the known class of the
instance attribute, which shall result in the instance attribute immediately becoming unowned by that federate
and, in fact, by all federates.

e) The federate may resign from the federation execution. When a federate successfully resigns from the federation
execution with the Release Attributes option, all of the instance attributes that are owned by that federate shall
become unowned by that federate and, in fact, by all federates. This transition is not depicted in Figure 11, Estab-
lishing ownership of instance attribute (i) because it occurs at a federate, rather than an instance attribute, level of
operation.

Of the five ways a federate may divest itself of an instance attribute, orlletfaiated Attribute Ownership Dives-
titure service may be canceled Neegotiated Attribute Ownership Divestitigervice invocation shall remain pending
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until either the instance attribute becomes unowned or the divesting federate cancels the divestiture request by invok-
ing theCancel Negotiated Attribute Ownership Divestitaegvice. Cancellation of the divestiture shall be guaranteed
to be successful.

Of the five ways a federate may divest itself of an instance attribute, three ways (invocatiodrafahditional At-

tribute Ownership Divestitureervice, a request to stop publication of the instance attribute’s corresponding class at-
tribute at the known class of the instance attribute, and invocation Biesign Federation Executigervice) shall

result in the instance attribute becoming unowned by all federates. When eitNegtiteated Attribute Ownership
Divestitureor theAttribute Ownership Release Resposeserice is used, the RTI shall guarantee that immediately af-

ter the owning federate loses ownership of the instance attribute, another federate shall be granted ownership of it. For
purposes of determining an instance attribute’s scope, the instance attribute may be considered to be continuously
owned during its transfer of ownership from the divesting federate to the acquiring federate via eMlegotteted

Attribute Ownership Divestiturer theAttribute Ownership Release Resposesevice.

7.1.2.2  Acquisition

There shall be two ways for a federate that is publishing a class attribute at a given class to acquire a corresponding
instance attribute of an object that has that class as its known class.

a) The federate may invoke tAg¢tribute Ownership Acquisitiogervice, which shall inform the RTI that it shall
invoke theRequest Attribute Ownership Reledsgervice at the federate that owns the designated instance
attribute.

b) The federate may invoke thétribute Ownership Acquisition If Availabtervice, which shall inform the RTI
that it wants to acquire the designated instance attribute only if it is already unowned by all federates or if it is in
the process of being divested by its owner.

The first method of acquisition can be thought of as an intrusive acquisition, because the RTI will notify the federate
that owns the instance attribute that another federate wants to acquire it and request that the owning federate release
the instance attribute for acquisition by the requesting federate. The second method of acquisition can be thought of as
a non-intrusive acquisition because the RTI will not notify the owning federate of the request to acquire the instance
attribute. TheAttribute Ownership Acquisitiogervice can also be thought of as taking precedence owitttibeite

Ownership Acquisition If Availablgervice. A federate that has invoked #t&ibute Ownership Acquisitiogervice

and is in the Acquisition Pending state shall not invokeAttrdute Ownership Acquisition If Availabgervice. If a

federate that has invoked tAetribute Ownership Acquisition If Availabservice and is in the Willing to Acquire state

invokes theAttribute Ownership Acquisitioservice, that federate shall enter the Acquisition Pending state.

An Attribute Ownership Acquisitiogervice invocation may be explicitly canceled, buftribute Ownership Acqui-

sition If Availableservice invocation shall not be explicitly cancelled. When a federate invokasiibete Owner-

ship Acquisition If Availablservice, either thattribute Ownership Acquisition Notificatianservice or théttribute
Ownership Unavailable $ervice shall be invoked at that federate in response. (If the instance attribute is unowned by
all federates or in the process of being divested by its owneittitrute Ownership Acquisition Notificatidrservice

shall be invoked. Otherwise, tidtribute Ownership Unavailable service shall be invoked.)

When a federate invokes ti¢tribute Ownership Acquisitioservice invocation, on the other hand, this request shall
remain pending until either the instance attribute is acquired (as indicated by an invocatidkttabtite Ownership
Acquisition Notification fservice) or the federate successfully cancels the acquisition request. A federate may attempt
to cancel the acquisition request by invoking@aacel Attribute Ownership Acquisitiservice. Th&€ancel Attribute
Ownership Acquisitioservice is not guaranteed to be successful. If it is successful, the RTI shall indicate this success
to the canceling federate by invoking thienfirm Attribute Ownership Acquisition Cancellatiosdrvice. If it fails,

the RTI shall indicate this failure to the canceling federate by invokingttiibute Ownership Acquisition Notifica-

tion 1 service, thereby granting ownership of the instance attribute to the federate.

An Attribute Ownership Acquisitiogervice invocation shall override Attribute Ownership Acquisition If Available
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service invocation. This means that a federate that has invokédttibeite Ownership Acquisition If Availabser-

vice may, before it receives an invocation of eitherAtigbute Ownership Acquisition Notificationservice or the

Attribute Ownership Unavailable dervice, invoke thattribute Ownership Acquisitiogervice. In this case, thd-

tribute Ownership Acquisition If Availabkervice request shall be implicitly canceled andAtisbute Ownership
Acquisitionservice request shall remain pending until either the instance attribute is acquired or the federate success-
fully cancels the acquisition request. A federate that has invokedttitmite Ownership Acquisitiogservice, but has

not yet received an invocation of either figribute Ownership Acquisition Notificationservice or theConfirm At-

tribute Ownership Acquisition Cancellatiorsgrvice, shall not invoke th&ttribute Ownership Acquisition If Avail-
ableservice.

7.1.3 Privilege To Delete Object

All object classes shall have an available attribute cqtedlegeToDeleteObjectAs with all other available at-
tributes, a federate shall be publishing phizilege ToDeleteObjeatlass attribute at the known class of an object in-
stance to own the correspondipgvilegeToDeleteObjednstance attribute that is part of that object instance, and
ownership ofprivilegeToDeleteObjednstance attributes may be transferred among federates. Ownership manage-
ment services foprivilegeToDeleteObjednstance attributes shall be the same as they are for all other instance at-
tributes. The reason that a federate may want to owprikidegeToDeleteObjecinstance attribute, however, is
different. Ownership of a typical instance attribute shall give a federate the privilege to provide new values for that
instance attribute. Ownership of thevilegeToDeleteObjedhstance attribute of an object instance shall give the fed-
erate the additional right to delete that object instance from the federation executigmiviiége ToDeleteObject

class attribute is implicitly published for all object classes.

7.1.4 User-supplied tags

Several of the ownership management services take a user-supplied tag an argument. These arguments shall be pro-

vided as a mechanism for conveying information between federates that could be used to implement priority or other

schemes. While the content and use of these tags are outside of the scope of this specification, the RTI shall pass these

user-supplied tags from federates that are trying to acquire an instance attribute to the federate that owns the instance

attribute, and from the federate that is trying to divest itself of an instance attribute to the federates that are able to

acquire the instance attribute. In particular,

— The user-supplied tag present in the Negotiated Attribute Ownership Divestiture service shall be present in any
resulting Request Attribute Ownership Assumption 1 service invocations.

— The user-supplied tag present in the Request Attribute Ownership Acquisition service shall be present in any
resulting Request Attribute Ownership Release 1 service invocations.

7.1.5 Sets of attribute designators

While many of the ownership management services take a set of instance attributes as an argument, the RTI treats own-
ership management operations on a per-instance-attribute basis. The fact that some ownership management service in-
vocations take sets of instance attributes as an argument is a feature provided to federate designers for convenience. A
single request with an instance attribute set as an argument can result in multiple responses pertaining to disjoint sub-

sets of those instance attributes. For example, a d\efetiated Attribute Ownership Divestitutteat has a set of

instance attributes as an argument could result in mukiptdute Ownership Divestiture Notificationskrvice in-

vocations. If one instance attribute in the set of instance attributes provided as an argument to an ownership manage-

ment service invocation violates the preconditions of the service, an exception shall be generated and the entire service

invocation shall fail.
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7.2 Unconditional Attribute Ownership Divestiture

The Unconditional Attribute Ownership Divestituservice shall notify the RTI that the federate no longer wants to

own the specified instance attributes of the specified object. This service shall immediately relieve the divesting fed-
erate of the ownership, causing the instance attribute(s) to go (possibly temporarily) into the unowned state, without
regard to the existence of an accepting federate. Completion of the invocation of this service shall be viewed as an
implied invocation of theéttribute Ownership Divestiture Notificationservice for all of the specified instance at-
tributes.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.
— The federate owns the specified instance attributes.

Post-conditions
— The federate no longer owns the specified instance attributes.

Exceptions

— The object instance is not known.

— The class attribute is not available at the known class of the object instance.
— The federate does not own the instance attribute.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTlinternal error

Related Services
— Negotiated Attribute Ownership Divestiture
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7.3  Negotiated Attribute Ownership Divestiture

The Negotiated Attribute Ownership Divestituservice shall notify the RTI that the federate no longer wants to own

the specified instance attributes of the specified object instance. Ownership shall be transferred only if some federate(s)
accepts. The invoking federate shall continue its update responsibility for the specified instance attributes until it re-
ceives permission to stop via thtribute Ownership Divestiture Notificationservice. The federate may receive one

or moreAttribute Ownership Divestiture Notificationirivocations for each invocation of this service since different
federates may wish to become the owner of different instance attributes.

A request to divest ownership shall remain pending until either the request is grantedAttdkibee Ownership Di-
vestiture Notification ervice), the requesting federate successfully cancels the request @ants Negotiated
Attribute Ownership Divestiturgervice), or the federate divests itself of ownership by other means (eAjtrithee
Ownership Release RespomsdéJnpublishservice). A second negotiated divestiture for an instance attribute already
in the process of a negotiated divestiture shall not be legal.

Supplied Arguments

— Object instance designator
— Set of attribute designators
— User-supplied tag

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The federate owns the specified instance attributes.

— The specified instance attributes are not in the negotiated divestiture process.

Post-conditions

— No change has occurred in instance attribute ownership.
— The RTI has been notified of the federate's request to divest ownership of the specified instance attributes.

Exceptions

— The object instance is not known.

— The class attribute is not available at the known class of the object instance.
— The federate does not own the instance attribute.

— The instance attribute is already in the negotiated divestiture process.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Request Attribute Ownership Assumption T

— Attribute Ownership Divestiture Notification

— Attribute Ownership Acquisition Notification T

— Cancel Negotiated Attribute Ownership Divestiture
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7.4  Request Attribute Ownership Assumption T

TheRequest Attribute Ownership Assumptfoservice shall inform the federate that the specified instance attributes

are available for transfer of ownership to the federate. The RTI shall supply an object instance designator and set of
attribute designators. The federate may return a subset of the supplied attribute designators for which it is willing to
assume ownership via ti¢tribute Ownership Acquisitioservice or via thattribute Ownership Acquisition If Avail-
ableservice. In the case that the supplied instance attributes are unowned as a result of a federate invokimgthe
ditional Attribute Ownership Divestiturgervice, the divesting federate shall not be asked to assume ownership.

Supplied Arguments

— Object instance designator
— Set of attribute designators
— User-supplied tag

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.

— The federate is publishing the corresponding class attributes at the known class of the specified object instance.
— The federate does not own the specified instance attributes.

Post-conditions

— Instance attribute ownership has not changed.

— The federate has been informed of the set of instance attributes for which the RTI is requesting that the federate
assume ownership.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.

— The federate already owns the instance attribute.

— The federate is not publishing the class attribute at the known class of the object instance.
— Federate internal error

Related Services

— Attribute Ownership Acquisition
— Attribute Ownership Acquisition If Available
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7.5  Attribute Ownership Divestiture Notification

TheAttribute Ownership Divestiture Notificationservice shall notify the federate that it no longer owns the specified

set of instance attributes. Upon this notification, the federate shall stop updating the specified instance attribute values.
The federate may receive multiple notifications for a single invocation debetiated Attribute Ownership Dives-

titure service since different federates may wish to become the owner of different instance attributes.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.

— The federate owns the specified instance attributes.

— The federate has previously attempted to divest ownership of the specified instance attributes and has not subse-
guently canceled that request.

Post-conditions
— The federate does not own the specified instance attributes.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.

— The federate does not own the instance attribute.

— The federate had not previously attempted to divest ownership of the instance attribute.
— Federate internal error

Related Services

— Negotiated Attribute Ownership Divestiture
— Request Attribute Ownership Assumption t
— Attribute Ownership Acquisition Notification T
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7.6  Attribute Ownership Acquisition Notification T

TheAttribute Ownership Acquisition Notificationservice shall notify the federate that it now owns the specified set

of instance attributes. The federate may then begin updating those instance attribute values. The federate may receive
multiple notifications for a single invocation of th¢tribute Ownership Acquisitioservice since the federate may

wish to become the owner of instance attributes owned by different federates.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.

— The federate is publishing the corresponding class attributes at the known class of the specified object instance.
— The federate has previously attempted to acquire ownership of the specified instance attributes.

— The specified instance attributes are not owned by any federate in the federation execution.

Post-conditions

— The federate owns the specified instance attributes.

— The federate may stop publishing the corresponding class attributes at the known class of the specified object
instance.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.

— The federate had not previously attempted to acquire ownership of the instance attribute.
— The federate already owns the instance attribute.

— The federate is not publishing the class attribute at the known class of the object instance.
— Federate internal error

Related Services

— Attribute Ownership Acquisition
— Attribute Ownership Acquisition If Available
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7.7 Attribute Ownership Acquisition

The Attribute Ownership Acquisitioservice shall request the ownership of the specified instance attributes of the
specified object instance. If a specified instance attribute is owned by another federate, the RTI shall ilR@ke the
quest Attribute Ownership Releassgetvice for that instance attribute at the owning federate. The federate may receive
one or moréttribute Ownership Acquisition Notificationirivocations for each invocation of this service.

A request to acquire ownership shall remain pending until either the request is granted Attidbilte Ownership
Acquisition Notification service) or the requesting federate successfully cancels the request Gaa¢beAttribute
Ownership AcquisitiomndConfirm Attribute Ownership Acquisition Cancellatioservices).

Supplied Arguments

— Object instance designator
— Set of attribute designators
— User-supplied tag

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The federate is publishing the corresponding class attributes at the known class of the specified object instance.
— The federate does not own the specified instance attributes.

Post-conditions

— The RTI has been informed of the federate’s request to acquire ownership of the specified instance attributes.

— The federate shall not stop publishing the corresponding class attributes at the known class of the specified object
instance.

Exceptions

— The object instance is not known.

— The federate is not publishing the object class.

— The class attribute is not available at the known class of the object instance.

— The federate is not publishing the class attribute at the known class of the object instance.
— The federate already owns the instance attribute.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Request Attribute Ownership Release t

— Attribute Ownership Acquisition Notification T

— Cancel Attribute Ownership Acquisition

— Confirm Attribute Ownership Acquisition Cancellation
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7.8  Attribute Ownership Acquisition If Available

The Attribute Ownership Acquisition If Availabkervice shall request the ownership of the specified instance at-
tributes of the specified object instance only if the instance attribute is unowned by all federates or it is in the process
of being divested by its owner. If a specified instance attribute is owned by another federate, the RTI shall not invoke
theRequest Attribute Ownership Releaseivice for that instance attribute at the owning federate. The federate shall
receive either aAttribute Ownership Acquisition Notificationor anAttribute Ownership Unavailable ihvocation

for each of the specified instance attributes.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The federate is publishing the corresponding class attributes at the known class of the specified object instance.

— The federate does not own the specified instance attributes.

— For each of the specified instance attributes, it is not the case that the federate has invoked the Attribute Owner-
ship Acquisition service, but has not yet received an invocation of either the Confirm Attribute Ownership
Acquisition Cancellation 1 service or the Attribute Ownership Acquisition Notification 1 service.

Post-conditions

— The RTI has been informed of the federate’s request to acquire ownership of the specified instance attributes. The
federate shall not stop publishing the corresponding class attributes at the known class of the specified object
instance.

Exceptions

— The object instance is not known.

— The federate is not publishing the object class.

— The class attribute is not available at the known class of the object instance.
— The federate is not publishing the class attribute at the known class of the object instance.
— The federate already owns the instance attribute.

— The attribute is already being acquired.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

— The federate is already acquiring the instance attribute.

Related Services

— Attribute Ownership Acquisition Notification T
— Attribute Ownership Unavailable T
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7.9  Attribute Ownership Unavailable 1

TheAttribute Ownership Unavailabteservice shall inform the federate that the specified instance attributes were not
available for ownership acquisition.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.

— The federate had requested ownership acquisition (if available) for the specified instance attributes.
— The federate does not own the specified instance attributes.

Post-conditions

— The federate has been informed that the specified instance attributes were not available for ownership acquisi-
tion.

— The federate may stop publishing the corresponding class attributes at the known class of the specified object
instance.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.

— The federate already owns the instance attribute.

— The federate had not requested ownership acquisition (if available) for the instance attribute.
— Federate internal error

Related Services
— Attribute Ownership Acquisition If Available
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7.10 Request Attribute Ownership Release 1

TheRequest Attribute Ownership Releassetvice shall request that the federate release ownership of the specified
instance attributes of the specified object instance.Rewpiest Attribute Ownership Reledsservice shall provide

an object instance designator and set of attribute designators and shall be invoked only as the reStifiboften
Ownership Acquisitioservice invocation by some other federate. The federate may return the subset of the supplied
instance attributes for which it is willing to release ownership vidtlrbute Ownership Release Resposserice,
theUnconditional Attribute Ownership Divestituservice, or th&legotiated Attribute Ownership Divestituservice.

Supplied Arguments

— Object instance designator
— Set of attribute designators
— User-supplied tag

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.
— The federate owns the specified instance attributes.

Post-conditions
— The federate has been informed of the set of instance attributes for which the RTI is requesting the federate to
release ownership.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.

— The federate does not own the instance attribute.
— Federate internal error

Related Services

— Attribute Ownership Acquisition

— Attribute Ownership Release Response

— Unconditional Attribute Ownership Divestiture
— Negotiated Attribute Ownership Divestiture
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7.11 Attribute Ownership Release Response

TheAttribute Ownership Release Respossevice shall notify the RTI that the federate is willing to release ownership

of the specified instance attributes for the specified object instance. The federate shall use this service to provide an
answer to the question posed as a result of the RTI invocati®aopfest Attribute Ownership Releas&hie returned
argument shall indicate the instance attributes for which ownership was actually released. Completion of the invoca-
tion of this service shall be viewed as an imph¢dibute Ownership Divestiture Notificationirivocation for all of

the instance attributes in the returned argument.

Supplied Arguments

— Object instance designator
— Set of attribute designators for which the federate is willing to release ownership

Returned Arguments
— Set of attribute designators for which ownership is actually released

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The federate owns the specified instance attributes.

— The federate has been asked to release the specified instance attributes.

Post-conditions
— Ownership is released for the instance attributes in the returned parameter set.

Exceptions

— The object instance is not known.

— The class attribute is not available at the known class of the object instance.

— The federate does not own the instance attribute.

— The federate had not previously been asked to release ownership of the instance attribute.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services
— Request Attribute Ownership Release t
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7.12 Cancel Negotiated Attribute Ownership Divestiture

The Cancel Negotiated Attribute Ownership Divestitaegvice shall notify the RTI that the federate no longer wants
to divest ownership of the specified instance attributes.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The federate owns the specified instance attributes.

— The specified instance attributes were candidates for divestiture.

Post-conditions
— The specified instance attributes are unavailable for divestiture.

Exceptions

— The object instance is not known.

— The class attribute is not available at the known class of the object instance.
— The federate does not own the instance attribute.

— The instance attribute was not a candidate for divestiture.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTlinternal error

Related Services
— Negotiated Attribute Ownership Divestiture
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7.13 Cancel Attribute Ownership Acquisition

The Cancel Attribute Ownership Acquisitiaervice shall notify the RTI that the federate no longer wants to acquire
ownership of the specified instance attributes. This service shall always receive one of two replies from the RTI. The
first form of reply,Confirm Attribute Ownership Acquisition Cancellatjaall indicate that the request to acquire
ownership of the specified instance attributes has been successfully canceled. The second formAdifritepky,
Ownership Acquisition Notification, thall indicate that the request to acquire ownership of the specified instance at-
tributes was not canceled in time and that the federate has acquired ownership of the instance attributes. The federate
may receive both forms of reply in response to a si@glecel Attribute Ownership Acquisiti@@rvice invocation

since the cancellation may succeed for some of the supplied instance attributes and fail for others. This service shall
be used only to cancel requests to acquire ownership of instance attributes that were madénfatbeOwnership
Acquisitionservice. Requests made via Atiribute Ownership Acquisition If Availabservice shall not be explicitly
canceled. They may, however, be overridden by an invocation Attiiteute Ownership Acquisitiogservice.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The federate does not own the specified instance attributes.

— The federate is attempting to acquire ownership of the specified instance attributes.

Post-conditions
— The RTI has been notified that federate no longer wants to acquire ownership of the specified instance attributes.

Exceptions

— The object instance is not known.

— The class attribute is not available at the known class of the object instance.
— The federate already owns the instance attribute.

— The federate was not attempting to acquire ownership of the instance attribute.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Attribute Ownership Acquisition

— Attribute Ownership Acquisition Notification T

— Confirm Attribute Ownership Acquisition Cancellation
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7.14 Confirm Attribute Ownership Acquisition Cancellation

The Confirm Attribute Ownership Acquisition Cancellatibrservice shall inform the federate that the specified in-
stance attributes are no longer candidates for ownership acquisition.

Supplied Arguments

— Object instance designator
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.

— The federate had attempted to cancel an ownership acquisition request for the specified instance attributes.
— The federate does not own the specified instance attributes.

Post-conditions

— The specified instance attributes are no longer candidates for acquisition by the federate.

— The federate may stop publishing the corresponding class attributes at the known class of the specified object
instance.

Exceptions

— The object instance is not known.

— The attribute designator is not recognized.

— The federate already owns the instance attribute.

— The federate had not canceled an ownership acquisition request for the instance attribute.
— Federate internal error

Related Services
— Cancel Attribute Ownership Acquisition

Copyright O 1998 IEEE. All rights reserved. 107
This is an unapproved IEEE Standards Draft, subject to change



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

7.15 Query Attribute Ownership

The Query Attribute Ownershipervice shall be used to determine the owner of the specified instance attribute. The
RTI shall provide the instance attribute owner information vidrtfeem Attribute Ownership $ervice invocation.

Supplied Arguments

— Object instance designator
— Attribute designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The corresponding class attribute is an available attribute of the known class of the specified object instance.

Post-conditions
— The request for instance attribute ownership information has been received by the RTI.

Exceptions

— The object instance is not known.

— The class attribute is not available at the known class of the object instance.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services
— Inform Attribute Ownership 1
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7.16 Inform Attribute Ownership t

The Inform Attribute Ownership $ervice shall be used to provide ownership information for the specified instance
attribute. This service shall be invoked by the RTI in respons®teeay Attribute Ownershipervice invocation by

a federate. This service shall provide the federate a designator of the instance attribute owner (if the instance attribute
is owned) or an indication that the instance attribute is available for acquisition.

Supplied Arguments

— Object instance designator
— Attribute designator
— Ownership designator (could be a federate, RTI, or unowned)

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate knows about the object instance with the specified designator.

— The corresponding class attribute is an available attribute of the known class of the specified object instance.

— The federate has previously invoked the Query Attribute Ownership service and has not yet received an Inform
Attribute Ownership T service invocation in response.

Post-conditions
— The federate has been informed of the instance attribute ownership.

Exceptions

— The object instance is not known.
— The attribute designator is not recognized.
— Federate internal error

Related Services
— Query Attribute Ownership
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7.17 Is Attribute Owned By Federate

Thels Attribute Owned By Federaservice shall be used to determine if the specified instance attribute of the speci-
fied object instance designator is owned by the invoking federate. The service shall return a Boolean value indicating
ownership status of the specified instance attribute.

Supplied Arguments

— Object instance designator
— Attribute designator

Returned Arguments
— Instance attribute ownership indicator

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The corresponding class attribute is an available attribute of the known class of the specified object instance.

Post-conditions
— The federate has the requested ownership information.

Exceptions

— The object instance is not known.

— The class attribute is not available at the known class of the object instance.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services
— None
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8. Time management

8.1 Overview

Time in the system being modeled shall be represented in the federation as points along a federation time axis. Each
federate may advance along the axis during the course of the execution. Such federate time advances may be con-
strained by the progress of other federates or unconstrained.

Time management is concerned with the mechanisms for controlling the advancement of each federate along the fed-
eration time axis. In general, time advances shall be coordinated with object management services so that information
is delivered to federates in a causally correct and ordered fashion.

A federate that becomes time regulating may associate some of its activities (such as updating instance attribute values
and sending interactions) with points on the federation time axis. It shall do so by assigning time stamps to activities
that correspond to the points on the federation time axis with which the activities are associated. A federate that is time
constrained is interested in receiving notifications of these activities (such as reflecting instance attribute values and
receiving interactions) in a federation-wide time-stamp order. Use of the time management services allows this type
of coordination among time-regulating and time-constrained federates in an execution. The coordination shall be
achieved by various constraints on federate activities described in this chapter.

The activities of federates that are neither time regulating nor time constrained (the default state of all federates upon
joining an execution) shall not be coordinated with other federates by the RTI, and such federates need not make use
of any of the time management services.

8.1.1 Messages

The manner in which HLA services are coordinated with time shall be through the contesisafes

— Invocation of the Update Attribute Values service, Send Interaction service, Send Interaction with Region ser-
vice, or Delete Object Instance service by a federate shall be called sending a message.

— Invocation of theReflect Attribute Values dervice Receive Interaction $ervice, oRemove Object Instance t
service at a federate shall be called receiving a message.

Messages sent by one federate typically result in one or more other federates receiving a corresponding message. The
mapping from one sent message to one or more received messages shall follow the descriptions in dipcdse 6.4,
Attribute Values6.5,Reflect Attribute Values, $.6,Send Interaction6.7,Receive Interaction,16.8,Delete Object

Instance and 6.9Remove Object Instance For example, a sent message representindpaiate Attribute Values

service invocation shall result only in received messages represReflagt Attribute Valuesdervice invocations at

the appropriate federates depending on the normal publication/subscription properties. Messages shall also be referred
to asevents

Each message, sent or received, shall be either a time-stamped order (TSO) message or a receive order (RO) message.
The order type of a message shall be determined by several factors:

— Preferred order type: The preferred order type of a message shall be the same as the preferred order type of the
data contained in the message (instance attribute values or interactions). Each class attribute and interaction class
shall be provided with a preferred order type in the FED that indicates the order type (TSO or RO) that should be
used when sending messages carrying values for instances of these classes. In the case of sent messages repre-
senting a Delete Object Instance service invocation, the preferred order type of the message shall be based on the
preferred order type of the privilegeToDeleteObject attribute of the specified object instance. Federates may use
the Change Attribute Order Type service to change the preferred order type of instance attributes; the preferred
order type of class attributes may not be changed during an execution. Federates may use the Change Interaction
Order Type service to change the preferred order type of interaction classes.
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— Presence of a time stamp: Each of the services that corresponds to sending or receiving a message shall
have an optional time-stamp argument. If a message is sent using a service invocation in which the
optional time stamp is supplied, then the federate is attempting to send a TSO message. If a message is
sent and the optional time stamp is not supplied, then the federate is attempting to send an RO message.
All received TSO messages shall have time stamps; all received RO messages shall not have time
stamps.

— Federate’s time status: Whether or not a federate is time regulating shall determine whether or not a fed-
erate can send TSO messages. Similarly, whether or not a federate is time constrained shall determine
whether or not the federate can receive TSO messages.

— Sent message order type: The order type of a received message shall depend on the order type of the
corresponding sent message.

These factors shall be considered together when determining if a given message is sent or received as a TSO
message or as an RO message.

The order type of a sent message shall be determined by the preferred order type of the message at the sending
federate, whether or not that federate is time regulating, and whether or not a time stamp was used in the ser-

vice invocation that sends the message. The following table shall illustrate how the order type of a sent mes-
sage shall be determined.

Table 1—Order type of a sent message

Preferred  orderSending federate is time regd-ime stamp wasOrder type of sent mes-
type? lating? used? sage

RO No No RO

RO No Yes ROP

RO Yes No RO

RO Yes Yes RO

TSO No No RO

TSO No Yes ROA

TSO Yes No RO

TSO Yes Yes TSO

a. Despite the presence of a time stamp, messages shall be RO if the preferred order type is RO or

the sending federate is not time regulating. If a time stamp is provided by the sending federate, it will be
removed.

The order type of a received message shall be determined by whether or not that federate is time constrained
and by the order type of the corresponding sent message. The following table shall illustrate how the order
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type of a received message shall be determined:

Table 2—Order type of a received message

Receiving federate |rder type of correspondin@rder type of received message?
time constrained? sent message?

No RO RO

No TSO RO

Yes RO RO

Yes TSO TSO

Because of the above rule defining the order type of a received message, the RTI will sometimes convert a sent TSO
message to a received RO message at some receiving federates. The need for such conversions shall be considered on
a per-federate basis, and the received messages at different federates that correspond to the same sent message may be
of different order types. Sent RO messages shall never be converted to received TSO messages.

Messages that are received as TSO messages shall be received only by a given federate in time-stamp order, regardless
of the federates from which the messages originate and regardless of the order in which the messages were sent. Thus
two TSO messages with different time stamps shall always be received by each federate in the same order. Multiple
TSO messages having the same time stamp shall be received in an indeterminate order.

Messages that are received as RO messages shall be received in an arbitrary order.
8.1.2 Logical time

Each federate, upon joining an execution, shall be assiglogital time A federate’s logical time shall initially be

set to the initial time on the federation time axis (time zero). Time within a federation shall only advance; thus a fed-
erate may request to advance only to a time that is greater than or equal to its current logical time. In order for a federate
to advance its logical time, it shall request an advance explicitly. The advance shall not occur until the RTI issues a
grant. In general, at any instant during an execution, different federates may be at different logical times.

Federates also may become time regulating and/or time constrained. The logical times of federates that are time regu-
lating shall be used to constrain the advancement of the logical times of federates that are time constrained.

8.1.3 Time-regulating federates

Only time regulating federates may send TSO messages. A federate shall request to become time regulating by invok-
ing theEnable Time Regulatiogervice. The RTI shall subsequently make the federate time regulating by invoking the
Time Regulation Enabledskervice at that federate. A federate shall cease to be time regulating whenever it invokes
theDisable Time Regulatioservice.

Each time-regulating federate shall provide@akaheadvalue when becoming time regulating. Lookahead shall be a
non-negative value that establishes a lower bound on the time stamps that can be sent in TSO messages by the federate.
Specifically, a time-regulating federate shall not send a TSO message that contains a time stamp less than its current
logical time plus its lookahead. Once established, a federate’s lookahead value may be changed onlyxiify the
Lookaheadservice.

A time-regulating federate with a lookahead value of zero shall be subject to an additional restriction. If such a federate
has advanced its logical time by usélohe Advance RequastNext Event Requeghen it shall not send TSO mes-

sages that contain time stamps less thragual toits logical time (rather than the usual less-than restriction). Subse-
qguent use of a different time advancement service that moves the federate’s logical time forward lifts this additional
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restriction. For example, if a zero lookahead federate were to imwleAdvance Request)(@&nd to follow this with
an invocation offime Advance Request Availablg,(that federate would still have the additional restriction. After

theTime Advance Request Availaidegranted, it still may not send any TSO messages with a time stamp less than or
equal to 1 (theTime Advance Requesstriction) since the second advance did not really advance the federate's logical

time.

NOTE—A time-regulating federate need not send TSO messages in time-stamp order, but all TSO messages that it sends shall be
received by other federates in time-stamp order (if they are received as TSO messages).

8.1.4 Time-constrained federates

Only time-constrained federates can receive TSO messages. A federate shall request to become time constrained by
invoking theEnable Time Constraineskervice. The RTI shall subsequently make the federate time constrained by in-
voking theTime Constrained Enabledsérvice at that federate. A federate shall cease to be time constrained whenever

it invokes theDisable Time Constraineskrvice.

Each federate in an execution, whether time constrained or not, shall have an associated lower bound on the time stamp
(LBTS value. The LBTS value shall be calculated by the RTI and shall represent the smallest time stamp that could
ever be received by that federate in a TSO message if that federate were time constrained. In performing this calcula-
tion for a given federate, the RTI shall take into account the logical time and lookahead of all time-regulating federates
in the execution (less the given federate if it is also time regulating) to determine the smallest time stamp that the given
federate could receive in a TSO message. If there are no time-regulating federates in an execution (less the given fed-
erate), then that federate’s LBTS value shall be infinite.

To help ensure that time-constrained federates receive all TSO messages in time-stamp order, a time-constrained fed-
erate shall not be permitted to advance its logical time beyond its LBTS value. This ensures that a time-constrained
federate cannot receive a TSO message with a time stamp that is less than the federate’s logical time. Should a time-
constrained federate request to advance its logical time beyond its current LBTS value, the time advance shall not be
granted until the federate’s LBTS has increased sufficiently for the constraint to be met.

8.1.5 Advancing time

A federate may advance its logical time only by requesting a time advancement from the RTI. Its logical time shall not
actually be advanced until the RTI responds willire Advance Grant gervice invocation at that federate. The in-
terval between these service invocations shall be the Time Advancing state; this is shown in the statechart in Figure 12.

A federate shall request to advance its logical time by invoking one of the following services:

— Time Advance Request

— Time Advance Request Available
— Next Event Request

— Next Event Request Available

— Flush Queue Request

Each service shall take a requested logical time as an argument, shall request slightly different coordination from the
RTI, and shall be further elaborated in the service descriptions as described in the following table.
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Table 3—Service descriptions

Constraint on ad-Messages delivered before grant;to Constraint on grant to
vance tdl t2
TAR Can't sendts < t; + | All gqueued RO messages Can't sendts < t, +|t, =t;
lookahead lookahead
All TSO messages witts< t,
TAR Can'tsends<t; All gueued RO messages Can't sends<t, =1t
(zero lookahead) All TSO messages witts< t,
TARA Can't sendts < t; +| All queued RO messages Can't sendts < t, +|t, =t
lookahead lookahead
All TSO messages witts <t,
All gueued TSO messages WiHF t,
NER Can't sends < t; +|All gueued RO messages Can't sendts < t, +|t, <ty
lookahead lookahead
Smallest TSO message that will ever be re-
ceived that hasta<t; and all other TSO mes-
sages with the sante
NER Can't sends<t; All gueued RO messages Can't sends<t, <ty
(zero lookahead) Smallest TSO message that will ever be| re-
ceived that hasta<t; and all other TSO mes-
sages with the sante
NERA Can’t sendts < t; +| All gqueued RO messages Can't sendts < t, +|t,<t;
lookahead lookahead
Smallest TSO message that will ever be re-
ceived that has & < t; and all other queued
TSO messages with the satae
FQR Can't sends < t; +| All queued RO messages Can't sendts < t, +|t, <ty
lookahead lookahead
All queued TSO messages

TheTime Advance Grantdervice shall be used to grant an advance regardless of which form of request was made to
advance time. This service shall takes a logical time as an argument, and this shall be the federate’s new logical time.
The guarantee that the RTI makes about message delivery relative to the provided logical time shall depend on the type
of request to advance time; the specific guarantees shall be provided in the service descriptions. Note that in some cas-
es, the RTI can advance a federate to a logical time that is less than the time that the federate requested.

The RTI shall grant an advance to logical timenly when it can guarantee that all TSO messages with time stamps

less tharil (or in some cases less than or equdl)tbave been delivered to the federate. This guarantee enables the
federate to simulate the behavior of the entities it represents up to logicdl vifitfeout concern for receiving new

events with time stamps less tharNote that in some cases, providing this guarantee will require the RTI to wait for

a significant period of wall-clock time to elapse before it can grant a time advancement to a time-constrained federate.
However, in the case of federates that are not time constrained (and thus cannot receive TSO messages), the guarantee
is trivially true and the advance can be granted almost immediately.
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The advancing of logical time by time-regulating federates is important because it acts as their promise not to send any
TSO messages with time stamps less than some specified time. In general, when time-regulating federates move their
logical times forward, time-constrained federates can move forward as well.

Federates that are not time regulating need not advance their logical time, but may do so. Such advancements shall
have no effect on other federates’ time advancement unless the advancing federate later becomes time regulating (at
which point the advancing federate will begin to have an effect on the advancement of time-constrained federates).

8.1.6 Putting it all together

The statechart shown in shall illustrate when a federate may become time regulating and time constrained, when time
advances may be requested, how a federate enables or disables asynchronous message delivery, and the effect these
activities have on determining sent and received message order types and when messages may be sent and received.

The transition labeled “Send Message” shall represent any service invocation that is called sending a message. As rep-
resented in the statechart, such a transition can occur at any time and shall result in the federate returning to whatever
state it was in before the transition. The column to the right of the statechart elaborates on how the order type of the
sent message is determined. Each part of the definition of “Send Message” shall be composed of a conversion rule
(denoted as two terms separated by an arrow) and an optional Boolean guard (denoted in square braces, just as in stat-
echarts). The term to the left of the arrow in each conversion rule shall represent the preferred order type of the message
and whether or not a time stamp was provided by the invoking federate. The term to the right of the arrow shall repre-
sent the order type of the sent message. The guard shall represent under what circumstances the conversion rule ap-
plies. So each part of the definition shall be read as: if the preferred order type of the message is as indicated to the left
of the arrow, the usage of a time stamp is as described to the left of the arrow, and the Boolean guard (if present) is
true, then the order type of the sent message is as indicated to the right of the arrow. The conversion rules provided in
the statechart are the same as the results contained in the tables in clause 8.1.1.

The transitions labeled “Receive Message #1” and “Receive Message #2" shall be read similarly with one exception:
The conversion rules shall be slightly different. The term to the left of the arrow shall represent the order type of the
received message. The term to the right of the arrow shall represent the order type of the corresponding sent message.

Federates may send messages at any time in this diagram. If the federate is time regulating and sending a TSO message,
the time stamp of that message shall be constrained as described in clause, 8.1.3, Time-regulating federates with one
exception: When a federate is in the Time Advancing state, the stated constraint is not strong enough. Rather than com-
paring the time stamp of the TSO message to the federate’s logical time (plus lookahead), the time stamp shall be com-

pared to the federate’s requested logical time (plus its Iooka?‘nead).

When federates are eligible to receive messages shall be dependent on several factors. If the federate is not time con-
strained, it may receive messages at any time (although only RO messages may be received). If the federate is time
constrained, it shall normally receives messages only when in the Time Advancing state. However, federates may en-
able asynchronous message delivery (viaghable Asynchronous Delivesgrvice), which permits them to receive

RO messages (but not TSO messages) when not in the Time Advancing state.

Which RO messages will be received when a federate is eligible to receive RO messages shall depend only on which
messages have been sent that will be received as RO messages by that federate. In general, if a federate is eligible to

1. Note that if the federate is granted to a time that is less than its requested logical time (e.g., the request used
theNext Event Requedlext Event Request AvailabteFlush Queue Requesgrvice), the constraints shall ease upon
leaving the Time Advancing state.
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receive RO messages, it may receive all RO messages that it has not yet received.

Which TSO messages will be received when a federate is eligible to receive TSO messages shall depend on which
TSO messages have been sent that will be received as TSO messages, what time stamps the messages have, and what
form of time advancement was requested. Precisely which TSO messages will be received shall be defined in each of
the different time advancement services.

Because messages are not always eligible for delivery, the RTI shall internally queue pending messages for each fed-
erate. The RTI shall queue all messages that the federate will receive as TSO or RO messages. When messages are
finally delivered to the federate, they shall be removed from the queue.

NOTE—failure to make full use of the time management services (and hence causal ordering) can lead to unusual results. For ex-
ample, if a federate receiving messages concerning a particular object instance is not time constrained, it could rezaiee a mes
concerning the deletion of that object instance and subsequently receive a message concerning the updating of the eflue of one
that object instance’s attributes. This is because a federate that is not time constrained can receive only RO messages; and RO
sages originating from different federates (e.g., one that updates an attribute instance and one that deletes the objeskinstan

not causally ordered.
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8.2  Enable Time Regulation

The Enable Time Regulatiogervice shall enable time regulation for the federate invoking the service, thereby en-
abling the federate to send TSO messages. The federate shall request that its logical time and lookahead value be set
to the values specified as arguments. The RTI may not be able to set the federate’s logical time to the value that was
requested because doing so might enable the federate to, for example, send a message with a time stamp smaller than
the current logical time of another federate. The RTI shall indicate the logical time assigned to the federate through the
Time Regulation Enabledskrvice. The logical time that is assigned shall be greater than or equal to that requested by
the federate.

Upon the RTI's invocation of the correspondifime Regulation Enabledservice, the invoking federate may begin
sending TSO messages that have a time stamp greater than or equal to the federate's logical time plus the federate's
lookahead. Zero lookahead federates are not subject to additional restrictions when time regulation is first enabled.

Because the invocation of this service may require the RTI to advance the invoking federate’s logical time, this service
has an additional meaning for time-constrained federates. Since the advancing logical time for a time-constrained fed-
erate is synonymous with a guarantee that all TSO messages with time stamps less than the new logical time have been
delivered, the invocation of this service shall be considered an imiplioit Advance Request Availabirvice invo-

cation. The subsequent invocationTahe Regulation Enabledshall be considered an impliditme Advance Grant

T service invocation. Thus if a time-constrained federate attempts to become time regulating, it may receive RO and
TSO messages between its invocatiofEnéble Time Regulatioand the RTI's invocation dfime Regulation En-

abled tat the federate. This special case is not illustrated in the statechart in.

Supplied Arguments

— Value of federation time
— Lookahead value

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— None of theTime Advance Requedime Advance Request Availghiext Event Requestiiext Event Request
Available Flush Queue Requestr Enable Time Regulatioservices is pending.

— Time regulation is not enabled in the federate.

— The specified federation time is greater than or equal to the federate’s current logical time.

— If the federate is time constrained, the argument is equal to the federate's current logical time.

Post-conditions
— The RTl is informed of the federate’s request to enable time regulation.

Exceptions

— Time regulation is already enabled.

— Invalid federation time

— Invalid lookahead time

— TheTime Advance Requestme Advance Request Availablext Event Requedlext Event Request Availaple
or Flush Queue Requeservice is already pending.

— An Enable Time Regulatiorequest is already pending.

— The federate is not a federation execution member

— Save in progress
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— Restore in progress
— RTIl internal error

Related Services

— Time Regulation Enabled
— Disable Time Regulation

— Enable Time Constrained
— Time Constrained Enabled t
— Disable Time Constrained
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8.3  Time Regulation Enabled t

Invocation of theTime Regulation Enabledservice shall indicate that a prior request to enable time regulation has
been honored. The value of this service’s argument shall indicate that the logical time of the federate has been set to
the specified value.

Supplied Arguments
— Current logical time of the federate

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— TheEnable Time Regulatiogervice is pending.

Post-conditions

— Time regulation is enabled and the federate may now send TSO messages. The federate’s logical time shall be set
to the value specified as the argument to this service. The federate’s lookahead shall be set to that specified in the
corresponding Enable Time Regulation request.

— If the federate is time constrained, no additional TSO messages shall be delivered with time stamps less than or
equal to the provided time.

Exceptions

— Invalid federation time

— Enable Time Regulatiowas not pending.
— Federate internal error

Related Services

— Enable Time Regulation

— Disable Time Regulation

— Enable Time Constrained
— Time Constrained Enabled t
— Disable Time Constrained
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8.4 Disable Time Regulation

Invocation of theDisable Time Regulatioservice shall indicate that the federate is disabling time regulation. Subse-
guent messages sent by the federate shall be sent automatically as RO messages.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.
— Time regulation is enabled in the federate.

Post-conditions
— The federate may no longer send TSO messages.

Exceptions

— Time Regulationvas not enabled

— The federate is not a federation execution member
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Enable Time Regulation

— Time Regulation Enabled t
— Enable Time Constrained
— Time Constrained Enabled t
— Disable Time Constrained
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8.5 Enable Time Constrained

The Enable Time Constraineskrvice shall request that the federate invoking the service become time constrained.
The RTI shall indicate that the federate is time constrained by invokingrtteeConstrained Enabledskrvice.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— None of theTime Advance Requedime Advance Request Availghiext Event Requedtiext Event Request
Available Flush Queue Requestr Enable Time Constraineskrvices is pending.

— The federate is not already time constrained.

Post-conditions
— The RTI is informed of the federate’s request to become time constrained

Exceptions

— Time constrained is already enabled.

— TheTime Advance Reques$tme Advance Request Availablext Event Requedlext Event Request Availaple
or Flush Queue Requeservice is already pending.

— An Enable Time Constrainegquest is already pending.

— The federate is not a federation execution member

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Enable Time Regulation

— Time Regulation Enabled t

— Disable Time Regulation

— Time Constrained Enabled T
— Disable Time Constrained

— Enable Asynchronous Delivery
— Disable Asynchronous Delivery
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8.6 Time Constrained Enabled T

Invocation of theTime Constrained Enabledskrvice shall indicate that a prior request to become time constrained
has been honored. The value of this service’s argument shall indicate the current logical time of the federate.

When a federate changes to be time constrained, TSO messages stored in the RTI's internal queues that have time
stamps greater than or equal to the federate’s logical time shall be delivered in time-stamp order. TSO messages de-
livered to the federate before it becomes time constrained, possibly including messages with time stamps greater than
or equal to the federate’s current logical time, shall be delivered as RO messages.

Federates that are time constrained may receive messages only when in the Time Advancing state unless asynchronous
message delivery is enabled (by use offhable Asynchronous Deliverysgrvice). If asynchronous message deliv-

ery is enabled, the time-constrained federate may receive RO messages when not in the Time Advancing state, but
TSO messages may still be received only when in the Time Advancing state.

If the federate is time regulating, the argument shall equal the federate's current logical time. If the federate is not time
regulating, the argument shall be greater than or equal to the federate’s current logical time.

Supplied Arguments
— Value of federation time

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— TheEnable Time Constraineskrvice is pending.

Post-conditions

— The federate may now receive TSO messages, and its logical time advances are constrained so that the federate’s
logical time shall never exceed the LBTS value computed by the RTI for the federate. The federate’s logical time
shall be set to the value specified as the argument to this service.

Exceptions

— The federation time is invalid.

— Enable Time Constrainadas not pending.
— Federate internal error

Related Services

— Enable Time Regulation

— Time Regulation Enabled t

— Disable Time Regulation

— Enable Time Constrained

— Disable Time Constrained

— Enable Asynchronous Delivery
— Disable Asynchronous Delivery
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8.7 Disable Time Constrained

Invocation of theDisable Time Constraineskrvice shall indicate that the federate is no longer time constrained. All
enqued and subsequent TSO messages shall be delivered to the federate as RO messages.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The federate is time constrained.

Post-conditions
— The federate is no longer time constrained and can no longer receive TSO messages.

Exceptions

— Time Constrained was not enabled

— The federate is not a federation execution member
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Enable Time Regulation

— Time Regulation Enabled t

— Disable Time Regulation

— Enable Time Constrained

— Time Constrained Enabled T
— Enable Asynchronous Delivery
— Disable Asynchronous Delivery
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8.8 Time Advance Request

TheTime Advance Requessrvice shall request an advance of the federate's logical time and release zero or more mes-
sages for delivery to the federate.

Invocation of this service shall cause the following set of messages to be delivered to the federate:

— All messages queued in the RTI that the federate will receive as RO messages.

— All messages that the federate will receive as TSO messages that have time stamps less than or equal to the spec-
ified time.

After invoking Time Advance Requethhe messages shall be passed to the federate by the RTI invokiRectiee
Interaction 1 Reflect Attribute Values, AindRemove Object Instances#érvices.

By invoking Time Advance Requesith the specified time, the federate is guaranteeing that it will not generate a TSO
message at any time in the future with a time stamp less than or equal to the specified time, even if the federate’s loo-
kahead is zero. Further, the federate may not generate any TSO messages in the future with time stamps less than the
specified time plus that federate’s current lookahead.

A Time Advance Grant ghall complete this request and indicate to the federate that it has advanced its logical time
to the specified time, and that no additional TSO messages will be delivered to the federate in the future with time
stamps less than or equal to the time of the grant.

Supplied Arguments
— Value of federation time

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The specified time is greater than or equal to the federate’s logical time.

— None of theTime Advance Requedtime Advance Request Availafiext Event Requestiext Event Request
Available Flush Queue Requeé&nable Time Regulatigror Enable Time Constraineskrvices is pending.

Post-conditions

— The federate may not send any TSO messages with time stamps less than the specified time plus the federate’s
actual lookahead.

— If the federate’s lookahead is zero, it may not send any TSO messages with time stamps less than or equal to the
specified time.

— The RTI is informed of the federate’s request to advance time.

Exceptions

— The federation time is invalid

— Federation time already passed

— TheTime Advance Reque$tme Advance Request Availablext Event Requedlext Event Request Availaple
or Flush Queue Requeservice is already pending.

— Enable Time Regulatiorequest is already pending.

— Enable Time Constrainegquest is already pending.

— The federate is not a federation execution member.

— Save in progress
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— Restore in progress
— RTIl internal error

Related Services

— Time Advance Request Available
— Next Event Request

— Next Event Request Available

— Flush Queue Request

— Time Advance Grant 1
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8.9 Time Advance Request Available

The Time Advance Request Availalsiervice shall request an advance of the federate's logical time. It is similar to
Time Advance RequésttimeT except
— The RTI shall not guarantee delivery of all messages with time stamps equal to T Tulmenfalvance Grant
to time T is issued, and
— After the federate receivesTane Advance Grant tb time T, it can send additional messages with time stamps
equal to T if the federate’s lookahead value is zero.

Invocation of this service shall cause the following set of messages to be delivered to the federate:

— All messages queued in the RTI that the federate will receive as RO messages.

— All messages that the federate will receive as TSO messages that have time stamps less than the specified time.

— Any messages queued in the RTI that the federate will receive as TSO messages that have time stamps equal to
the specified time.

After invoking Time Advance Request Availalilee messages shall be passed to the federate by the RTI invoking the
Receive Interaction Reflect Attribute Values indRemove Object Instancesérvices.

By invoking Time Advance Request Availaklih the specified time, the federate is guaranteeing that it will not gen-
erate a TSO message at any time in the future with a time stamp less than the specified time, plus that federate’s current
lookahead.

A Time Advance Grant ghall complete this request and indicate to the federate that it has advanced its logical time
to the specified time, and no additional TSO messages shall be delivered to the federate in the future with time stamps
less than the time of the grant. Additional messages with time stamps equal to the time of the grant can arrive in the
future.

Supplied Arguments
— Value of federation time

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The specified time is greater than or equal to the federate’s logical time.

— None of theTime Advance Requedtime Advance Request Availalddext Event Requedtiext Event Request
Available Flush Queue Reque&nable Time Regulatigor Enable Time Constrainegkrvices is pending.

Post-conditions

— The federate may not send any TSO messages with time stamps less than the specified time plus the federate’s
actual lookahead.

— The RTI is informed of the federate’s request to advance time.

Exceptions

— The federation time is invalid.

— TheTime Advance Reque$tme Advance Request Availablext Event Requedlext Event Request Available
or Flush Queue Requeservice is already pending.

— Enable Time Regulatiorequest is already pending.

— Enable Time Constrainegquest is already pending.
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Federation time has already passed.

The federate is not a federation execution member.

Save in progress
Restore in progress
RTI internal error

Related Services

Time Advance Request

Next Event Request

Next Event Request Available
Flush Queue Request

Time Advance Grant 1
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8.10 Next Event Request

The Next Event Requeservice shall request the logical time of the federate to be advanced to the time stamp of the
next TSO message that will be delivered to the federate, provided that message has a time stamp no greater than the
logical time specified in the request.

Invocation of this service shall cause the following set of messages to be delivered to the federate:

— All messages queued in the RTI that the federate will receive as RO messages

— The smallest time-stamped message that will ever be received by the federate as a TSO message with a time
stamp less than or equal to the specified time, and all other messages containing the same time stamp that the fed-
erate will receive as TSO messages

After invocation ofNext Event Requeshe messages shall be passed to the federate by the RTI invokitertdiee
Interaction T,Reflect Attribute Values tndRemove Object Instancesgrvices.

By invoking Next Event Requestith the specified time, the federate is guaranteeing that it will not generate a TSO
message before the pendifigne Advance Grant invocation with a time stamp less than or equal to the specified
time (or less than the specified time plus the federate’s lookahead if its lookahead is not zero).

If it does not receive any TSO messages befor&ithe Advance Grantihvocation, the federate shall guarantee that
it will not generate a TSO message at any time in the future with a time stamp less than or equal to the specified time
(or less than the specified time plus the federate’s lookahead if its lookahead is not zero).

If it does receive any TSO messages befordthe Advance Grant ihvocation, the federate shall guarantee that it
will not generate a TSO message at any time in the future with a time stamp less than or equal to the time of the grant
(or less than the time of the grant plus the federate’s lookahead if its lookahead is not zero).

A Time Advance Grant ghall complete this request and indicate to the federate that it has advanced its logical time
to the time stamp of the TSO messages that are delivered, if any, or to the specified time if no TSO messages were
delivered. It shall also indicate that no TSO messages will be delivered to the federate in the future with time stamps
less than or equal to the time of the grant.

Supplied Arguments
— Value of federation time

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The specified time is greater than or equal to the federate’s logical time.

— None of theTime Advance Requedtime Advance Request AvailafiNext Event Requestiext Event Request
Available Flush Queue Requeénable Time Regulatigror Enable Time Constraineskrvices is pending.

Post-conditions

— The federate may not send any TSO messages with time stamps less than the specified time plus the federate’s
actual lookahead.

— If the federate’s lookahead is zero, it may not send any TSO messages with time stamps less than or equal to the
specified time.

— The RTI is informed of the federate’s request to advance time.
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Exceptions

— The federation time is invalid.

— Federation time has already passed

— TheTime Advance Requesitme Advance Request Availabiext Event Requedlext Event Request Availaple
or Flush Queue Requesgrvice is already pending.

— Enable Time Regulatiorequest is already pending.

— Enable Time Constraine@quest is already pending.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTIl internal error

Related Services

— Time Advance Request

— Time Advance Request Available
— Next Event Request Available

— Flush Queue Request

— Time Advance Grant t
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8.11 Next Event Request Available

TheNext Event Request Availalsiervice shall request the logical time of the federate to be advanced to the time stamp
of the next TSO message that will be delivered to the federate, provided that message has a time stamp no greater than
the logical time specified in the request. It is similaN&xt Event Requeskcept
— The RTI shall not guarantee delivery of all messages with time stamps equal to T TimenAalvance Grant t
to time T is issued, and
— After the federate receivesTame Advance Grant tb time T, it can send additional messages with time stamps
equal to T if the federate’s lookahead value is zero.

Invocation of this service shall cause the following set of messages to be delivered to the federate:

— All messages queued in the RTI that the federate will receive as RO messages

— The smallest time-stamped message that will ever be received by the federate as a TSO message with a time
stamp less than or equal to the specified time, and any other messages queued in the RTI that the federate will
receive as TSO messages and that have the same time stamp.

After invoking Next Event Request Availabtbe messages shall be passed to the federate by the RTI invoking the
Receive Interaction Reflect Attribute Values indRemove Object Instancesérvices.

By invokingNext Event Request Availahigth the specified time, the federate is guaranteeing that it will not generate
a TSO message before the pendiige Advance Grant thvocation with a time stamp less than the specified time
plus the federate’s lookahead.

If it does not receive any TSO messages beforéithe Advance Grantihvocation, the federate shall guarantee that
it will not generate a TSO message at any time in the future with a time stamp less than the specified time plus the
federate’s lookahead.

If it does receive any TSO messages beford ttme Advance Grantihvocation, the federate shall guarantee that it
will not generate a TSO message at any time in the future with a time stamp less than the time of the grant plus the
federate’s lookahead.

A Time Advance Grant ghall complete this request and indicate to the federate that it has advanced its logical time
to the time stamp of the TSO messages that are delivered, if any, or to the specified time if no TSO messages were
delivered. ATime Advance Grant $hall also indicate that no TSO messages will be delivered to the federate in the
future with time stamps less than the time of the grant.

Supplied Arguments
— Value of federation time

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The specified time is greater than or equal to the federate’s logical time.

— None of theTime Advance Requedime Advance Request Availaldext Event Requedtiext Event Request
Available Flush Queue Reque&nable Time Regulatigor Enable Time Constrainegkrvices is pending.

Post-conditions
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— The federate may not send TSO messages with time stamps less than the specified time plus the federate’s actual
lookahead.
— The RTl is informed of the federate’s request to advance time.

Exceptions

— The federation time is invalid.

— Federation time has already passed

— TheTime Advance Requesitme Advance Request Availablext Event Requedlext Event Request Availaple
or Flush Queue Requeservice is already pending

— Enable Time Regulatiorequest is already pending.

— Enable Time Constrainegquest is already pending.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Time Advance Request

— Time Advance Request Available
— Next Event Request

— Flush Queue Request

— Time Advance Grant t
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8.12 Flush Queue Request

The Flush Queue Requeservice shall request that all messages queued in the RTI that the federate will receive as
TSO messages be delivered now. The RTI shall deliver all such messages as soon as possible, despite the fact that it
may not be able to guarantee that no future messages containing smaller time stamps could arrive. If the federate will
not receive any additional TSO messages with time stamps less than the specified time, the federate’s logical time shall
be advanced to the specified time. Otherwise, the RTI shall advance the federate’s logical time as far as possible, but
potentially not at all.

Invocation of this service shall cause the following set of messages to be delivered to the federate:

— All messages queued in the RTI that the federate will receive as RO messages.
— All messages queued in the RTI that the federate will receive as TSO messages.

After invoking Flush Queue Requeshe messages shall be passed to the federate by the RTI invokRectige
Interaction t,Reflect Attribute Values indRemove Object Instances#érvices.

By invoking Flush Queue Requesith the specified time, the federate is guaranteeing that it will not generate a TSO
message before the pendifigne Advance Grant ihvocation with a time stamp less than the specified time plus the
federate’s lookahead.

After theTime Advance Grant invocation, the federate shall guarantee that it shall not generate a TSO message at
any time in the future with a time stamp less than the time of the grant plus the federate’s lookahead.

A Time Advance Grant ghall complete this request and indicate to the federate that it has advanced its logical time
to the time of the grant, and no additional TSO messages shall be delivered to the federate in the future with time
stamps less than the time of the grant.

Supplied Arguments
— Value of federation time

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The specified time is greater than or equal to the federate’s logical time.

— None of theTime Advance Requedtime Advance Request Availafdext Event Requestiext Event Request
Available Flush Queue Requeé&nable Time Regulatigror Enable Time Constraineskrvices is pending.

Post-conditions

— The federate may not send any TSO messages with time stamps less than the specified time plus the federate’s
actual lookahead.

— The RTI is informed of the federate’s request to advance time.

Exceptions

— The federation time is invalid.

— Federation time has already passed

— TheTime Advance Reque$tme Advance Request Availablext Event Requedlext Event Request Availaple
or Flush Queue Requeservice is already pending.

— Enable Time Regulatiorequest is already pending.
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Enable Time Constraine@quest is already pending.
The federate is not a federation execution member.

Save in progress
Restore in progress
RTI internal error

Related Services

Time Advance Request

Time Advance Request Available
Next Event Request

Next Event Request Available
Time Advance Grant t
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8.13 Time Advance Grant T

Invocation of thelime Advance Grantdervice shall indicate that a prior request to advance the federate’s logical time
has been honored. The argument of this service shall indicate that the logical time for the federate has been advanced
to this value.

If the grant is issued in response to invocatioN@ft Event Request Time Advance Requettte RTI shall guarantee
that no additional TSO messages shall be delivered in the future with time stamps less than or equal to this value.

If the grant is in response to an invocatioMmhe Advance Request Availaext Event Request Availapte Flush
Queue Requesthe RTI shall guarantee that no additional TSO messages shall be delivered in the future with time
stamps less than the value of the grant.

Supplied Arguments
— Value of federation time

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— One of the Time Advance Request, Time Advance Request Available, Next Event Request, Next Event Request
Available, or Flush Queue Request services is pending.

Post-conditions

— If the federate has a change to its lookahead value pending, its new actual lookahead value shall be equal to the
maximum of the federate’s requested lookahead and the federate’s actual lookahead less the amount of time
advanced (the federate’s old logical time less the provided logical time).

— If Next Event Request, Next Event Request Available, or Flush Queue Request has been invoked, the federate
may not send TSO messages with time stamps less than the provided time plus the federate’s actual lookahead.

— If Next Event Request has been invoked and the federate’s actual lookahead is zero, the federate may not send
TSO messages with time stamps less than or equal to the provided time.

— No additional TSO messages shall be delivered with time stamps less than or equal to the provided time if Time
Advance Request or Next Event Request has been invoked, or with time stamps less than the provided time if
Time Advance Request Available, Next Event Request Available, or Flush Queue Request has been invoked.

Exceptions

— The federation time is invalid.

— TheTime Advance Reque3tme Advance Request Availabiext Event Requedlext Event Request Availaple
or Flush Queue Requeservice was not pending.

— Federate internal error

Related Services

— Time Advance Request

— Time Advance Request Available
— Next Event Request

— Next Event Request Available

— Flush Queue Request
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8.14 Enable Asynchronous Delivery

Invocations of théenable Asynchronous Delivesgrvice shall instruct the RTI to deliver received RO messages to
the invoking federate when it is in either the Time Advancing or Time Granted state.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— Asynchronous delivery is disabled at the federate.

Post-conditions
— Asynchronous delivery is enabled at the federate.

Exceptions

— Asynchronous delivery is already enabled.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Enable Time Constrained

— Time Constrained Enabled t
— Disable Time Constrained

— Disable Asynchronous Delivery
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8.15 Disable Asynchronous Delivery

Invocations of thdisable Asynchronous Delivepgrvice shall instruct the RTI to deliver received RO messages to
the invoking federate only when it is in the Time Advancing state and the federate is time constrained.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— Asynchronous delivery is enabled at the federate.

Post-conditions
— Asynchronous delivery is disabled at the federate.

Exceptions

— Asynchronous delivery is already disabled.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Enable Time Constrained

— Time Constrained Enabled
— Disable Time Constrained

— Enable Asynchronous Delivery
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8.16 Query LBTS

The Query LBTSservice shall request the invoking federate’s current value of LBTS.

Supplied Arguments
— None

Returned Arguments
— Current value of invoking federate’s LBTS

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions

— The federate receives the current value of its LBTS.

Exceptions

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Query Federate Time
— Query Minimum Next Event Time
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8.17 Query Federate Time
TheQuery Federate Timservice shall request the current value of the invoking federate’s logical time.

Supplied Arguments
— None

Returned Arguments
— Current value of invoking federate’s logical time

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate receives the current value of its logical time.

Exceptions

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Query LBTS
— Query Minimum Next Event Time
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8.18 Query Minimum Next Event Time

The Query Minimum Next Event Tirservice shall request the minimum of LBTS and the time stamp of the next sent
TSO message that is held by the RTI for delivery to the requesting federate, if there are any. There may not be any
messages/events with the returned time available for the invoking federate.

Supplied Arguments
— None

Returned Arguments

— Minimum of
e the invoking federate’'s LBTS and
« the minimum time stamp of all sent TSO messages queued for the invoking federate (if any).

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate receives its minimum next event time.

Exceptions

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Query LBTS
— Query Federate Time
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8.19 Modify Lookahead

The Modify Lookaheadervice shall request a change to the actual value of the federate’s lookahead. The specified
lookahead value shall be greater than or equal to zero. If the requested value is greater than or equal to the federate’s
actual lookahead, the change shall take effect immediately and the requested lookahead shall become the actual loo-
kahead. If the requested value is less than the federate’s actual lookahead, the change shall take effect gradually as the
federate advances its logical time and the actual lookahead is initially unchanged. Specifically, the federate’s actual
lookahead shall decrease Byunits each time logical time advancEsinits until the requested lookahead value is
reached.

Supplied Arguments
— Requested value of lookahead

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions

— If the requested lookahead is greater than or equal to the federate’s actual lookahead, the federate’s actual looka-
head shall be set to the requested value.

— Ifthe requested lookahead is less than the federate’s actual lookahead, the RTI shall be informed of the federate’s
requested lookahead value.

Exceptions

— The lookahead time is invalid.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services
— Query Lookahead
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8.20 Query Lookahead

TheQuery Lookaheadervice shall query the RTI for the current value of the federate’s actual lookahead. The current
value of actual lookahead may differ temporarily from the requested lookahead giveklodtheLookaheadervice
if the federate is attempting to reduce its actual lookahead value.

Supplied Arguments
— None

Returned Arguments
— Federate's current value of actual lookahead

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate receives the current value of its actual lookahead.

Exceptions

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services
— Modify Lookahead
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8.21 Retract

TheRetractservice shall be used by a federate to notify the federation execution that a message/event previously sent
by the federate is to be retracted. Thmlate Attribute Value$Send InteractionandDelete Object Instancgervices
shall return an event retraction designator that is used to specify the event that is to be retracted. Retracting an event
shall cause the invocation of tRequest Retractiongervice in all the federates that received the original event.

Retracting delete Object Instanamessage shall result in the reconstitution of the corresponding object instance. This
shall cause the ownership reassumption of the attributes of the affected object instance by the federates that owned
them at the time of thBelete Object Instancgervice invocation.

Only messages sent in TSO may be retracted. A federate may not retract messages in its past. A message shall be in a
federate’s past if its time is earlier than the federate’s current logical time.

Supplied Arguments
— Event retraction designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The federate has issublgpdate Attribute ValuesSend Interactionor Delete Object Instancgervice invocations
previously and obtained the event retraction designators.

— The message associated with the specified retraction designator is not in the federate’s past.

Post-conditions
— The RTI is informed that the federate requests to retract the specified event.

Exceptions

— The event retraction designator is invalid.

— The retraction designator is associated with a message in the federate’s past.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services
— Request Retraction T
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8.22 Request Retraction T

If the RTI receives a leg&tetractservice invocation for an event that has already been delivered to a federate, the
Request Retractiohservice shall be invoked on that federate. If the event in question has not been delivered to a fed-
erate, this service shall not be invoked on that federate; the event shall be removed from the RTI's event queue and
never delivered to the federate.

Supplied Arguments
— Event retraction designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The retracted event has been delivered to the federate.

Post-conditions
— The federate has been directed to retract the specified event.

Exceptions

— The event is not known.
— Federate internal error

Related Services
— Retract
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8.23 Change Attribute Order Type

The preferred order type for each attribute of an object instance shall be initialized from the object class description in
the FED. A federate may choose to change the preferred order type during execution. InvaRirantge Attribute

Order Typeservice shall change the order type for all futupelate Attribute Valueservice invocations for the spec-

ified instance attributes. When the ownership of an instance attribute is changed, the preferred order type shall revert
to that defined in the FED.

Supplied Arguments
— Object instance designator
— Set of attribute designators
— Order designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— An object instance with the specified designator exists.

— The specified class attributes are available attributes of the object instance’s known class.
— The attributes are defined in the FED.

— The federate owns the instance attributes.

Post-conditions
— The order type is changed for the specified instance attributes.

Exceptions

— The object instance is not known.

— The specified class attributes are not available attributes of the known object class.
— The federate does not own the specified instance attributes.

— The order designator is invalid.

— The federate is not a federate execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Update Attribute Values
— Change Attribute Transportation Type
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8.24 Change Interaction Order Type

The preferred order type of each interaction shall be initialized from the interaction class description in the FED. A
federate may choose to change the preferred order type during execution. Invokihgrtge Interaction Order Type
service shall change the order type for all futbead InteractiomndSend Interaction with Regi@ervice invocations

for the specified interaction class for the invoking federate only.

Supplied Arguments

— Interaction class designator
— Order designator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.
— The interaction class is defined in the FED.

— The federate is publishing the interaction class.

Post-conditions
— The preferred order type is changed for the specified interaction class.

Exceptions

— The interaction class is not defined in FED.

— The federate is not publishing the interaction class.
— The order designator is invalid.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Send Interaction

— Send Interaction with Region

— Change Interaction Transportation Type
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9. Data distribution management

9.1 Overview

Data distribution management (DDM) services may be used by federates to reduce both the transmission and the re-
ception of irrelevant data. Whereas declaration management services provide information on data relevance at the class
attribute level, data distribution management services add the capability to further refine the data requirements at the
instance attribute level. Producers of data may employ DDM services to assert properties of their data in terms of user-
defined spaces. Consumers of data may employ DDM services to specify their data requirements in terms of the same
spaces. The RTI distributes data from producers to consumers based on matches between these properties and require-
ments.

The DDM services shall be based on the following concepts and terms:

— A dimensiorshall be a named coordinate axis segment declared in the FED. The RTI shall provide a single coor-
dinate axis segment defined by an ordered pair of values. This provides a single basis for all dimensions defined
in the FED. The first component of the pair shall be callad lower boundand the second component shall be
calledaxis upper boundAll dimensions shall be based on the same coordinate-axis segment and thus shall have
the same lower and upper bounds.

— A routing spaceshall be a named sequence of dimensions, which shall form a multi-dimensional coordinate sys-
tem. Routing spaces shall be defined in the FED by indicating the dimensions that form the routing space. Rout-
ing spaces defined in the FED shall be said tald@ared Additionally, the RTI shall provide an implicitly
defineddefault routing spaceNo routing space provided in the FED shall use the string "HLA" as the initial part
of the name.

— A rangeshall be a continuous interval on a dimension defined by an ordered pair of values. The first component
of the pair shall be callegdnge lower boundand the second component shall be catiede upper bound

— An extentshall be a sequence of ranges, one for each dimension in the routing space, ordered in the same order as
the dimensions appear in the declaration of the routing space.

— A regionshall be a set of extents bound to the same routing space. A region shall define a sub-space within the
routing space.

— The RTI shall provide default regionfor every routing space. The default region shall cover the entire routing
space.

— There shall be no way for a federate to refer to the default routing space.

— Because there is no way for a federate to refer to the default routing space, there shall be no way for a federate to
create any regions within the default routing space.

— There shall be no way for a federate to refer to the default region of any routing space. If a federate creates a
region that has as its dimensions the entire routing space of which it is a part, this region shall have equivalent
dimensions to those of the default routing space, but it is not the default routing space.

— Because there is no way for a federate to create any regions within the default routing space, there shall be no
way for a federate to use any class attribute that is not explicitly bound to a routing space in the FED file as an
argument in any data distribution management service invocation.

The following relationships, established in the FED, shall pertain to routing spaces:

— A class attribute shall be either explicitly bound to a declared routing space or implicitly bound to the default
routing space.

— An interaction class shall be either explicitly bound to a declared routing space or implicitly bound to the default
routing space.

— A given class attribute shall be bound to at most one routing space.

— A given interaction class shall be bound to at most one routing space.

The following relationship, established through DDM services, shall pertain to regions:
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A region may be created within a declared routing space usingréfade Regiorservice. Such a region may
be deleted using tHaelete Regiomservice. Invoking th&lodify Regiorservice for a region shall notify the RTI
about modifications to the extents of that region.

The following relationships, established through DDM services, shall pertain to object classes, class attributes, object
instances, and instance attributes:

— Avregion shall be used for update of an instance attribute if the federate has used the instance attribute and region
as arguments either
« intheRegister Object Instance With Regmervice or
¢ intheAssociate Region For Updatssrvice.

Subsequently invoking thénassociate Region For Updaservice for the same (object instance, region) pair
or invoking theAssociate Region For Updatssrvice for the same (object instance, region) pair without pro-
viding the instance attribute shall cause that region not to be used for update of that instance attribute.

A region that is used for update of an instance attribute shall be a sub-space of the routing space to which the
instance attribute’s corresponding class attribute is bound.

The default region of the routing space to which an instance attribute’s corresponding class attribute is bound
shall be used for update of an instance attribute if no other region is used for update of that instance attribute.

A federate shall use a region for update of an instance attribute to assert properties of that instance attribute when
invoking theUpdate Attribute Valueservice. If a region other than the default region is used for update of a
particular instance attribute by a federate and the federate loses ownership of that instance attribute, that region
shall no longer be used for update of that instance attribute.

— Avregion shall baised for subscription of a class attributéhe federate has used the class attribute and a given
object class and region as arguments irSthiescribe Object Class Attributes With Regiervice. Subsequently
invoking theUnsubscribe Object Class With Regiearvice for the same (object class, region) pair or invoking
theSubscribe Object Class Attributes With Regiervice for the same (object class, region) pair without provid-
ing the class attribute shall cause the region not to be used for subscription of that class attribute.

A region that is used for subscription of a class attribute shall be a sub-space of the routing space to which the
class attribute is bound.

The default region of the routing space to which the class attribute is bound shall be used for subscription of that
class attribute if the federate has used the class attribute as an argumeBtibstibe Object Class Attributes
service. Subsequently invoking tbhimsubscribe Object Claservice for the same object class or invoking the
Subscribe Object Class Attributeervice for the same object class without providing that class attribute shall
cause the default region not to be used for subscription of that class attribute.

A federate shall use a region for subscription of a class attribute to specify requirements for reflecting values of
that class attribute’s corresponding instance attributes.

The following relationships, established through DDM services, shall pertain to interaction classes, parameters, and
interactions:
— Arregion shall baised for sending an interacti@uring the invocation of thend Interaction With Regiarer-

vice.

A region that is used for sending an interaction shall be a sub-space of the routing space to which the corre-
sponding interaction class is bound.

The default region of the routing space to which an interaction class is bound shall be used for sending an in-
teraction of that class during an invocation of$leed Interactioservice.
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A federate shall use a region for sending an interaction to assert properties of that interaction ®hed the
Interaction With Regioservice is invoked.

— A region shall baused for subscription of an interaction claéshe federate has used the interaction class and
region as arguments in ti&bscribe Interaction Class With Regimrvice for the region. Subsequently invok-
ing the Unsubscribe Interaction Class With Regiservice for the same (interaction class, region) pair shall
cause the region not to be used for subscription of that interaction class.

A region that is used for subscription of an interaction class shall be a sub-space of the routing space to which
the interaction class is bound.

The default region of the routing space to which the interaction class is bound shall be used for subscription of
that interaction class if the federate has used the interaction class as an argumesuhsdtibe Interaction
Classservice. Subsequently invoking thimsubscribe Interaction Claservice for the same interaction class

shall cause the default region not to be used for subscription of that interaction class.

A federate shall use a region for subscription of an interaction class to establish requirements for receiving in-
teractions of that class.

A region used for update of instance attributes or for sending interactions shall be capeat@region
A region used for subscription of either class attributes or interaction classes shall be stdiectiption region
An update region and a subscription region shadrlapif and only if the regions are sub-spaces of the same routing

space and the corresponding extent sets overlap. Two extent sets shall overlap if there is an extent in each set, such that
the two extents overlap. Two extents shall overlap if all their ranges overlap pairwise. Two ranggsé. alghe)

and B = [fywen buppe) shall overlap, if and only if eithefgger = Bower O (Bower < Bupperand Bower < &upped-

The mapping of federation data to dimensions for use with data distribution management services shall be left to the
federation. The effects of DDM services shall be independent of federation time.

The figure below depicts a routing space with two dimensions.
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Figure 13—Routing space of two dimensions

9.1.1 Reinterpretation of selected declaration management services when certain data distribu-
tion management services are used by a federate

Some data distribution management services can be used to perform similar functions to what is accomplished with
declaration management services. When a federate uses data distribution management services, some of the declara-
tion management definitions, constraints and services described in clause 5 shall be extended to encompass the ex-
panded interpretation of how declaration management services work when used in conjunction with data distribution
management services by a federate, from the perspective of that federate.

A federate that is using data distribution management services shall interpret all uses of the following four declaration
management services by any federate (including itself) in the federation execution:

— Subscribe Object Class Attributes,

— Unsubscribe Object Class,

— Subscribe Interaction Clasand

— Unsubscribe Interaction Class,

as special cases of the following data distribution management services, respectively:
— Subscribe Object Class Attributes With Region,

— Unsubscribe Object Class With Region,

— Subscribe Interaction Class With Regiand

— Unsubscribe Interaction Class With Region.

From the perspective of the federate that is using data distribution management services, each of the four declaration
management services listed above shall be defined to be equivalent to the corresponding data distribution management
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service when invoked with a region argument of the default region of the routing space to which the specified class
attribute(s) or interaction class(es) are bound.

In practice, because there shall be no way to refer to the default region of any routing space, there shall be no way to
substitute a data distribution management service for its corresponding declaration management service. Furthermore,
a given federate may invoke both the declaration management services listed above and their corresponding data dis-
tribution management services using the same object class and class attribute designators or interaction class designa-
tors as arguments and there shall be no interaction between the subscription effects that result from the declaration
management service invocations and those which result from the data distribution management service invocations.

For a federate that is using data distribution management services, the following expanded definitions and constraints
shall replace the correspondingly numbered declaration management definitions and constraints that appear in sub-
clauses 5.1.2 and 5.1.3:

Expanded definitions and constraints replacing corresponding items in 5.1.2:

a) An attribute may be used as an argumeStutoscribe Object Class Attributes, Subscribe Object Class Attributes
With RegionandPublish Object Classervice invocations for a particular object class if and only if the attribute is an
available attribute of that object class.

b) From a federate's perspective, shibscribed attributes of an object cladwll be the class attributes that were ar-
guments to the most recedtibscribe Object Class Attributesrvice invocation by that federate for that object class,
assuming the federate did not subsequently invok&tiseibscribe Object Claservice for that object class. If the
federate did subsequently invoke thiesubscribe Object Claservice for that object class, if the federate has not in-
voked theSubscribe Object Class Attributesrvice for that object class, or if the most re&iriscribe Object Class
Attributesservice invocation by that federate for that object class had an empty set of class attributes as argument, there
shall be no subscribed attributes of that class for that federate.

From a federate's perspective, subscribed attributes of an object class with regiball be the class attributes that

were arguments to the most recBabscribe Object Class Attributes With Regiervice invocation by that federate

for a given object class and a given region, assuming the federate did not subsequently invadettberibe Object

Class With Regioservice for that object class and region. If the federate did subsequently invakesthescribe

Object Class With Regimervice for that object class and region, if the federate has not invokadtberibe Object

Class Attributes With Regimervice for that object class and region, or if the most ré&dgcribe Object Class At-
tributes With Regiogervice invocation by that federate for that object class and region had an empty set of class at-
tributes as argument, there shall be no subscribed attributes of that class with that region for that federate.

Subscribe Object Class AttributasdUnsubscribe Object Clas®rvice invocations for one object class shall have no
effect on the subscribed attributes of any other object Gadxscribe Object Class Attributes With Regioid Un-
subscribe Object Class With Regiservice invocations for one (object class, region) pair shall have no effect on the
subscribed attributes of any other (object class, region) gaibscribe Object Class AttributasdUnsubscribe Ob-

ject Classservice invocations shall have no effect on the subscribed attributes of any object class with re§idm, and
scribe Object Class Attributes With RegenmdUnsubscribe Object Class With Rege®rvice invocations shall have

no effect on the subscribed attributes of any object class.

c) If a class attribute is a subscribed attribute of an object class, the federate shall be subscribed to that class attribute
either actively or passively, but not both. If a class attribute is a subscribed attribute of an object class with region, the
federate shall be subscribed to that class attribute at a given object class and region either actively or passively, but not
both.

f) From a federate’s perspective, an object class shallibscribedf and only if
— It was an argument toSubscribe Object Class Attributservice invocation by that federate,
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— A non-empty set of class attributes was used as an argument to the mosStdaxsamibe Object Class
Attributesservice invocation for that object class by that federate, and

— The most recenBubscribe Object Class Attributesrvice invocation for that object class by that federate
was not subsequently followed by @nsubscribe Object Clasgrvice invocation for the object class

or, there is at least one region such that
— The object class and the region were argumentsSigbacribe Object Class Attributes With Regiervice
invocation by that federate,

— A non-empty set of class attributes was used as an argument to the mosStduxsamibe Object Class
Attributes With Regioservice invocation for that object class and region by that federate, and

— The most recerbubscribe Object Class Attributes With Regienvice invocation for that object class and
region by that federate was not subsequently followed kyrsabscribe Object Class With Regrmrvice
invocation for the object class and region.

h) Federates may invoke tRegister Object Instan@nd theRegister Object Instance With Regg@vices only with
a published object class as an argument.

i) Theregistered classf an object instance shall be the object class that was an argument to eRegister Object
Instanceor theRegister Object Instance With Regimrvice invocation for that object instance.

0) An update to an instance attribute by the federate that owns that instance attribute can be reflected only by other
federates that are either

— subscribed to the instance attribute’s corresponding class attribute at the instance attribute’s known class at
the subscribing federate,

or

— subscribed to the instance attribute’s corresponding class attribute with region at the instance attribute’s
known class at the subscribing federate.

Expanded definitions and constraints replacing corresponding items in 5.1.3:

a) From a federate's perspective, an interaction class sisalbberibedf and only if

— it was an argument to 3ubscribe Interaction Classervice invocation by that federate that was not subse-
qguently followed by atunsubscribe Interaction Claservice invocation for that interaction class, or

— there is at least one region such that the interaction class and region were argumsualbstoilae Interac-
tion Class With Regioservice invocation by that federate that was not subsequently followedUrysab-
scribe Interaction Class With Regiservice invocation for that interaction class and region.

b) If an interaction class is subscribed, the federate shall be subscribed to that interaction class either actively or pas-
sively, but not both. If an interaction class is subscribed with region, the federate shall be subscribed to that interaction
class with a given region either actively or passively, but not both.

d) Federates may invoke tisend Interactiorand theSend Interaction With Regiservices only with a published
interaction class as an argument.

e) Thesent clas®f an interaction shall be the interaction class that was an argumeniSerttiénteractioror the
Send Interaction With Regi@®rvice invocation for that interaction.

j) Only the available parameters of an interaction class may be us&emddnteractiorandSend Interaction With
Regionservice invocations with that interaction class as argument.
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k) Thesent parameteref an interaction shall be the parameters that were argumentsSerttdnteractiormr Send
Interaction With Regioservice invocation for that interaction.

9.1.2 Reinterpretation of selected object management services when certain data distribution
management services are used by a federate

Some data distribution management services can be used to perform similar functions to what is accomplished with
object management services. When a federate uses data distribution management services, three of the object manage-
ment services described in clause 6 shall be extended to encompass the expanded interpretation of how object man-
agement services work when used in conjunction with data distribution management services by a federate, from the
perspective of that federate.

A federate using data distribution management services shall interpret all uses of the following three declaration man-
agement services by any federate in the federation execution (including itself):

- Register Object Instance
- Send Interaction

- Request Attribute Value Update

as special cases of the following data distribution management services, respectively:
- Register Object Instance With Region
- Send Interaction With Region
- Request Attribute Value Update With Region

From the perspective of the federate that is using data distribution management services, each of the three object man-
agement services listed above shall be defined to be equivalent to the corresponding data distribution management ser-
vice when invoked with a region argument of the default region of the routing space to which the specified class
attribute(s) or interaction class(es) are bound.
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9.2 Create Region

TheCreate Regioservice shall create a region that has the dimensions of the specified routing space and the specified
number of extents. The extent set shall delineate the region within the routing space. The region may be used for either
update or subscription.

Supplied Arguments

— Routing space designator
— Set of extents

Returned Arguments
— Region

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The routing space is defined in the FED.

Post-conditions
— Avregion has been created that is a sub-space of the specified routing space.

Exceptions

— The routing space is not defined in the FED.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

— Inappropriate number of ranges within one or more extents

Related Services

— Register Object Instance With Region

— Associate Region For Updates

— Subscribe Object Class Attributes With Region
— Subscribe Interaction Class With Region

— Send Interaction With Region

— Modify Region

— Delete Region
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9.3 Modify Region

The Modify Regiorservice shall inform the RTI about changes to the extent set of the region. The set of extents pro-
vided as an argument completely replaces the previous set of extents that defined the region.

Supplied Arguments
— Region
— Set of extents

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.
— The region exists.

Post-conditions
— The region is a redefined sub-space of its routing space.

Exceptions

— The region is not known.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTlinternal error

— Inappropriate number of ranges within one or more extents

Related Services
— Create Region
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9.4  Delete Region

TheDelete Regiomservice shall delete the specified region. A region in use for subscription or update shall not be de-
leted.

Supplied Arguments
— Region

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.
— The region exists.

— The region is not in use.

Post-conditions
— The region no longer exists.

Exceptions

— The region is not known.

— The region is in use.

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services
— Create Region
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9.5 Register Object Instance With Region

The Register Object Instance With Reggarvice shall create a unique object instance designator and link it with an
object instance of the supplied object class. All instance attributes of the object instance for which the corresponding
class attributes are currently published by the registering federate shall be set as owned by the registering federate.

This service shall be used to create an object instance and simultaneously associate update regions with instance at-
tributes of that object instance. This service shall be an atomic operation that can be used irRgigisteofObject
Instancefollowed byAssociate Region For UpdateBhose instance attributes whose corresponding class attributes

are currently published but are not supplied in the service invocation shall be associated with the default regions in the
routing spaces to which the class attributes are bound.

If a federate loses ownership of an instance attribute that it had associated with an update region and then the federate
later regains ownership of that instance attribute, that update region is no longer associated with the instance attribute.

If the optional object instance name argument is supplied, that name shall be unique and shall be associated with the
object instance. If the optional object instance name argument is not supplied, the RTI shall create one when needed
(Get Object Instance Nanservice).

Supplied Arguments

— Object class designator

— Set of attribute designator/region pairs
— Optional object instance name

Returned Arguments
— Object instance designator

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The object class is defined in the FED.

— The federate is publishing the object class.

— The class attributes are available at the specified object class.

— The federate is publishing the specified class attributes of the specified object class.

— The regions exist.

— For each class attribute/region pair, the routing space denoted by the region is the routing space bound to the
class attribute in the FED.

— If the optional object instance name argument is supplied, that name is unique.

Post-conditions

— The returned object instance designator is associated with the object instance.

— The federate owns the instance attributes that correspond to those class attributes that are published attributes of
at specified object class.

— The specified instance attributes are associated with the respective regions for future Update Attribute Values
service invocations.

— If the optional object instance name argument is supplied, that name is associated with the object instance.

Exceptions

— The object class is not defined in FED.
— The federate is not publishing the object class.
— The class attribute is not available at the known class of the object instance.
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— The federate is not publishing the class attribute.

— The region is not known.

— The routing space denoted by region is not the one bound to the class attribute in the FED.
— The object instance name is not unique.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTIl internal error

Related Services

— Publish Object Class

— Reqgister Object Instance
— Create Region

— Discover Object Instancet
— Get Object Instance Name
— Get Object Instance Handle
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9.6 Associate Region For Updates

The Associate Region For Updatssrvice shall associate a region to be used for updates with instance attributes of a
specific object instance.

Associating a region with an instance attribute shall mean that the federate shall ensure that the properties of the in-
stance attribute fall within the extents of the associated region at the time wipdata Attribute Valueservice is
invoked.

The association shall be used by thmdate Attribute Valueservice to route data to subscribers whose subscription

regions overlap the specified update region. Based on the object instance and the region arguments, this service shall

perform

— An addition to the group of associations if the object instance/region pair had no attribute set linked with it, or

— A replacement in the group of associations if there is an attribute set currently linked with the object instance/
region pair.

The Unassociate Region For Updatssrvice shall be used to remove an established association from the group of
associations.

Those instance attributes that are implicitly unassociated by the invocation shall be associated with the default region.

If a federate loses ownership of an instance attribute that it had associated with an update region and then the federate
later regains ownership of that instance attribute, that update region is no longer associated with the instance attribute.

Supplied Arguments

— Object instance designator
— Region
— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The object instance exists.

— The region exists.

— The routing space denoted by the region is the routing space bound to the specified class attributes in the FED.

Post-conditions

— The specified instance attributes are associated with the specified region for future invocations of the Update
Attribute Values service.

Exceptions

— The object instance is not known.

— The class attribute is not available.

— The region is not known.

— The routing space denoted by region is not the one bound to the specified class attributes in the FED.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress
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Update Attribute Values
Unassociate Region For Updates
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9.7 Unassociate Region For Updates

The Unassociate Region For Updateervice shall remove the association between the region and all instance at-
tributes associated with that region.

The instance attributes that are unassociated by the invocation shall be associated with the default region.

Supplied Arguments

— Object instance designator
— Region

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The object instance exists.

— The region is associated with attributes of the object instance.

Post-conditions
— The region is no longer associated with any attributes of the object instance.

Exceptions

— The object instance is not known.

— The region was not associated with attributes of the object instance.
— The region is not known.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Associate Region For Updates

— Create Region

— Update Attribute Values

— Register Object Instance With Region
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9.8  Subscribe Object Class Attributes With Region

The Subscribe Object Class Attributes With Regiervice shall specify an object class for which the RTI is to begin
notifying the federate of discovery of instantiated object instances when at least one of that object instance’s instance
attributes are in scope. This service and subsequent related RTI operations shall behave analogdbshstyitie

Object Class Attributeservice as described in clause B6bscribe Object Class Attributesd its subsequent related

RTI operations. This service shall provide additional functionality in that the overlap of the relevant subscription and
update regions affects the subsequent RTI operations, as described in the beginning of this clause.

Based on the object class and region arguments, this service shall perform one of the following actions with the spec-

ified attribute set:

— An addition to the group of subscriptions if the object class/region pair has no attribute set linked with it, or

— A replacement in the group of subscriptions if there is currently an attribute set linked with the object class/
region pair.

Invocations of theSubscribe Object Class Attributes With Regervice shall have no affect on any object class or
class attribute subscriptions that were established viauthecribe Object Class Attributesrvice. Subscriptions that
are established via tigubscribe Object Class Attributes With Regiervice shall not be affected by invocations of
either theSubscribe Object Clagsttributesservice or théJnsubscribe Object Claservice.

Invoking this service with an empty set of attributes shall be equivalent to invokibgshescribe Object Class With
Regionservice with the relevant object class.

If the optional passive subscription indicator indicates that this is a passive subscription,
a) the invocation of this service shall not causeStaet Registration For Object Classsérvice or thdurn
Updates On For Object Instances#rvice to be invoked at any other federate and

b) if this invocation replaces a previous subscription that was active rather than passive, invocation of this service
may cause th8top Registration for Object Classérvice or th&urn Updates Off For Object Instancesédrvice
to be invoked at one or more other federates.

If the optional passive subscription indicator is not present or indicates that this is an active subscription,
a) the invocation of this service may causeStat Registration For Object Clagsservice or th&urn Updates
On For Object Instance gervice to be invoked at one or more other federates and

b) if this invocation replaces a previous subscription that was active rather than passive, invocation of this service
may cause th&urn Updates Off For Object Instancesdrvice to be invoked at one or more other federates.

Supplied Arguments

— Object class designator

— Region

— Set of attribute designators

— Optional passive subscription indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The object class is defined in the FED.

— The class attributes are available at the specified object class.
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— The region exists.
— The routing space denoted by the region is the routing space bound to the specified class attributes in the FED.

Post-conditions
— The RTI has been informed of the federate’s requested subscription.

Exceptions

— The object class is not defined in the FED.

— The class attribute is not available at the specified object class.

— The region is not known.

— The routing space denoted by region is not the one bound to the class attributes in the FED.
— Invalid passive subscription indicator.

— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Unsubscribe Object Class With Region
— Publish Object Class

— Discover Object T

— Attributes In Scope T

— Reflect Attribute Values 1

— Create Region

— Start Registration For Object Class T
— Stop Registration For Object Class t
— Turn Updates On For Object Instance t
— Turn Updates Off For Object Instance t
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9.9 Unsubscribe Object Class With Region

The Unsubscribe Object Class With Region service shall inform the RTI that it shall stop notifying the federate of ob-
ject instance discoveries for the specified object class in the specified region. The unsubscribe shall be confined to all
subscriptions using the specified region.

Supplied Arguments

— Object class designator
— Region

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The object class is defined in the FED.

— The federate is subscribed to the object class for the region.
— The region exists.

Post-conditions
— The RTI has been informed of the federate’s requested unsubscription.

Exceptions

— The object class is not defined in the FED.

— The region is not known.

— The federate is not subscribed to the object class for the region.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services
— Subscribe Object Class Attributes With Region
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9.10 Subscribe Interaction Class With Region

The Subscribe Interaction Class With Regmmrvice shall specify the class of interactions that should be delivered to

the federate, taking the region into account. This service and subsequent related RTI operations shall behave analo-
gously to theSubscribe Interaction Clas®rvice as described in 5.8. This service shall provide additional functionality

in that the overlap of any regions used for subscription of the interaction and the region used for sending the interaction
affects the subsequent RTI operations, as described in the beginning of this clause.

Based on the interaction class and region arguments, this service shall perform one of the following actions with the

specified attribute set:

— If the specified region is currently in the group of regions associated with the specified interaction class subscrip-
tion, this service performs a replacement of that group.

— If the specified region is not currently in the group of regions associated with the specified interaction class sub-
scription, this service performs an addition to that group.

Invocations of th&Subscribe Interaction Class With Regiervice shall have no affect on any interaction class sub-
scriptions that were established via Suscribe Interaction Clasgervice. Subscriptions that are established via the
Subscribe Interaction Class With Reggervice shall not be affected by invocations of eitheStiliescribe Interac-
tion Classservice or théJnsubscribe Interaction Claservice.

If the optional passive subscription indicator indicates that this is a passive subscription,
a) the invocation of this service shall not causeTim® Interactions On service to be invoked at any other feder-
ate and

b) if this invocation replaces a previous subscription that was active rather than passive, invocation of this service
may cause th&urn Interactions Off tervice to be invoked at one or more other federates.

If the optional passive subscription indicator is not present or indicates that this is an active subscription,
a) the invocation of this service may causeTthen Interactions On tervice to be invoked at one or more other
federates and

b) if this invocation replaces a previous subscription that was active rather than passive, invocation of this service
may cause th&urn Interactions Off Bervice to be invoked at one or more other federates.

Supplied Arguments

— Interaction class designator
— Region
— Optional passive subscription indicator

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The interaction class is defined in the FED.

— The region exists.

— The routing space denoted by the region is the routing space bound to the interaction class in the FED.

Post-conditions
— The RTI has been informed of the federate’s requested subscription.
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Exceptions

— The interaction class is not defined in the FED.

— The region is not known.

— The routing space denoted by region is not the one bound to the interaction class in the FED.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Subscribe Interaction Class

— Unsubscribe Interaction Class with Region
— Publish Interaction Class

— Receive Interaction T

— Create Region

— Turn Interactions On T

— Turn Interactions Off T
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9.11 Unsubscribe Interaction Class With Region

TheUnsubscribe Interaction Class With Regs®rvice shall inform the RTI that it should no longer notify the federate
of interactions of the specified class that are sent into the specified region.

Supplied Arguments

— Interaction class designator
— Region

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The interaction class is defined in the FED.

— The federate is subscribed to the interaction class for the region.
— The region exists.

Post-conditions
— The RTI has been informed of the federate’s requested unsubscription.

Exceptions

— The interaction class is not defined in the FED.

— The region is not known.

— The federate is not subscribed to the interaction class for the region.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTlinternal error

Related Services
— Subscribe Interaction Class with Region
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9.12 Send Interaction With Region

TheSend Interaction With Regi@ervice shall send an interaction into the federation. The interaction parameters may

be those in the specified class and all super-classes, as defined in the FED. The region shall be used to limit the scope
of potential receivers of the interaction. The service shall return a federation-unique event retraction designator. An
event retraction designator shall be returned only if the federation time argument is supplied.

Supplied Arguments

— Interaction class designator

— Set of parameter-designator/value pairs
— User-supplied tag

— Region

— Optional federation time

Returned Arguments
— Optional event retraction designator

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The interaction class is defined in the FED.

— The federate is publishing the interaction class.

— The interaction parameters are available.

— The region exists.

— The routing space denoted by the region is the routing space bound to the interaction class in the FED.

Post-conditions
— The RTI has received the interaction.

Exceptions

— The interaction class is not defined in FED.

— The federate is not publishing the specified interaction class.

— The interaction parameter is not available at the specified interaction class.

— The federation time is invalid (if optional time argument is supplied).

— The region is not known.

— The routing space denoted by region is not the one bound to the interaction class in the FED.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Time Advance Request
— Next Event Request

— Time Advance Grant T
— Receive Interaction T

— Publish Interaction Class
— Retract

— Create Region
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9.13 Request Attribute Value Update With Region

The Request Attribute Value Update With Regsenvice shall be used to stimulate the update of values of specified
attributes. The RTI shall solicit the values of the specified instance attributes for all the object instances of the specified
class from their owners using tReovide Attribute Value Updateservice. The resultinBrovide Attribute Value Up-

datet service invocations issued by the RTI shall be consistent with the region arguments to this service. An invoca-
tion shall be consistent with the region arguments if the instance attributes in an updating federate are associated with
a region that overlaps the corresponding region specified as an argument to this service. The federation time of any
resultingReflect Attribute Values dervice invocations shall be determined by the updating federate.

Supplied Arguments

— Object class designator

— Region

— Set of attribute designators

Returned Arguments
— None

Pre-conditions

— The federation execution exists.

— The federate is joined to that federation execution.

— The object instance exists (when first argument is an object instance designator).

— The object class is defined in the FED (when first argument is an object class designator).

— If an object class designator was specified, the class attributes are available at the specified object class.

— If an object instance designator was specified, the corresponding class attributes are available at the registered
class of the object instance.

— The regions exist.

— For each class attribute/region pair, the routing space denoted by the region is the routing space bound to the
class attribute in the FED.

Post-conditions
— The request for the updated attribute values has been received by the RTI.

Exceptions

— The object is not known.

— The object class is not defined in the FED.

— The class attribute is not available.

— The region is not known.

— The routing space denoted by region is not the one bound to the class attribute in the FED.
— The federate is not a federation execution member.

— Save in progress

— Restore in progress

— RTl internal error

Related Services

— Provide Attribute Value Update T
— Update Attribute Values

— Create Region
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10. Support services

10.1 Overview

This clause describes miscellaneous services utilized by federates for performing such actions as

— Name-to-handle and handle-to-name transformation
— Setting advisory switches

All class name arguments shall be completely specified, including all super-class names.
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10.2 Get Object Class Handle

The Get Object Class Handlgervice shall return the object class handle associated with the supplied object class
name.

Supplied Arguments
— Object class name

Returned Arguments
— Object class handle

Pre-conditions

— The specified object class is defined in the FED.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested object class handle.

Exceptions

— The object class is not defined in the FED.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Object Class Name
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10.3 Get Object Class Name

TheGet Object Class Nans&rvice shall return the object class name associated with the supplied object class handle.

Supplied Arguments
— Object class handle

Returned Arguments
— Object class name

Pre-conditions

— The specified object class is defined in the FED.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested object class name.

Exceptions

— The object class is not defined in the FED.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Object Class Handle
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10.4 Get Attribute Handle

The Get Attribute Handleservice shall return the attribute handle associated with the supplied attribute name and ob-
ject class.

Supplied Arguments

— Attribute name
— Object class handle

Returned Arguments
— Attribute handle

Pre-conditions

— The specified object class is defined in the FED.

— The specified class attribute is an available attribute of the specified object class.
— The federation execution exists.

— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested attribute handle.

Exceptions

— The object class is not defined in the FED.

— The specified object class attribute is not an available attribute of the specified object class.
— The federate is not a federation execution member.

— RTlinternal error

Related Services
— Get Attribute Name
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10.5 Get Attribute Name

The Get Attribute Nameervice shall return the attribute name associated with the supplied attribute handle and object
class.

Supplied Arguments

— Attribute handle
— Object class handle

Returned Arguments
— Attribute name

Pre-conditions

— The specified object class is defined in the FED.

— The specified class attribute is an available attribute of the specified object class.
— The federation execution exists.

— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested attribute name

Exceptions

— The object class is not defined in the FED.

— The specified object class attribute is not an available attribute of the specified object class.
— The federate is not a federation execution member.

— RTlinternal error

Related Services
— Get Attribute Handle
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10.6 Get Interaction Class Handle

The Get Interaction Class Handkervice shall return the interaction class handle associated with the supplied inter-
action class name.

Supplied Arguments
— Interaction class name

Returned Arguments
— Interaction class handle

Pre-conditions

— The specified interaction class is defined in the FED.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested interaction class handle.

Exceptions

— The interaction class is not defined in the FED.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Interaction Class Name
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10.7 Get Interaction Class Name

TheGet Interaction Class Nanservice shall return the interaction class name associated with the supplied interaction
class handle.

Supplied Arguments
— Interaction class handle

Returned Arguments
— Interaction class name

Pre-conditions

— The specified interaction class is defined in the FED.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested interaction class name.

Exceptions

— The interaction class is not defined in the FED.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Interaction Class Handle
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10.8 Get Parameter Handle

The Get Parameter Handlservice shall return the parameter handle associated with the supplied parameter name and
interaction class.

Supplied Arguments

— Parameter name
— Interaction class handle

Returned Arguments
— Parameter handle

Pre-conditions

— The specified interaction class is defined in the FED.

— The specified parameter is an available parameter of the specified interaction class.
— The federation execution exists.

— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested parameter handle.

Exceptions

— The interaction class is not defined in the FED.

— The parameter is not defined in the FED.

— The federate is not a federation execution member.
— RTlinternal error

Related Services
— Get Parameter Name
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10.9 Get Parameter Name

The Get Parameter Namservice shall return the parameter name associated with the supplied parameter handle and
interaction class.

Supplied Arguments

— Parameter handle
— Interaction class handle

Returned Arguments
— Parameter name

Pre-conditions

— The specified interaction class is defined in the FED.

— The specified parameter is an available parameter of the specified interaction class.
— The federation execution exists.

— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested parameter name.

Exceptions

— The interaction class is not defined in the FED.

— The parameter is not defined in the FED.

— The federate is not a federation execution member.
— RTlinternal error

Related Services
— Get Parameter Handle
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10.10 Get Object Instance Handle

The Get Object Instance Hand&rvice shall return the handle of the object instance with the supplied name.

Supplied Arguments
— Object instance name

Returned Arguments
— Object instance handle

Pre-conditions

— The object instance with the specified name exists.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested object instance handle.

Exceptions

— The object instance is not known.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Object Instance Name
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10.11 Get Object Instance Name
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The Get Object Instance Nanservice shall return the name of the object instance with the supplied handle.

Supplied Arguments
— Object instance handle

Returned Arguments
— Object instance name

Pre-conditions

— The object instance with the specified name exists.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions

— The federate has the requested object instance name.

Exceptions

— The object instance is not known.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Object Instance Handle
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10.12 Get Routing Space Handle

TheGet Routing Space Handdervice shall return the routing space handle associated with the supplied routing space
name.

Supplied Arguments
— Routing space name

Returned Arguments
— Routing space handle

Pre-conditions

— The specified routing space is defined in the FED.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested routing space handle.

Exceptions

— The routing space is not defined in the FED.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Routing Space Name
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10.13 Get Routing Space Name

The Get Routing Space Namservice shall return the routing space name associated with the supplied routing space
handle.

Supplied Arguments
— Routing space handle

Returned Arguments
— Routing space name

Pre-conditions

— The specified routing space is defined in the FED.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested routing space name.

Exceptions

— The routing space is not defined in the FED.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Routing Space Handle
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10.14 Get Dimension Handle

The Get Dimension Handlservice shall return the dimension handle associated with the supplied dimension name
and routing space.

Supplied Arguments

— Dimension name
— Routing space handle

Returned Arguments
— Dimension handle

Pre-conditions

— The specified routing space is defined in the FED.

— The specified dimension is defined in the specified routing space in the FED.
— The federation execution exists.

— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested dimension handle.

Exceptions

— The routing space is not defined in the FED.

— The dimension is not defined in the FED.

— The federate is not a federation execution member.
— RTlinternal error

Related Services
— Get Dimension Name
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10.15 Get Dimension Name

The Get Dimension Namgervice shall return the dimension name associated with the supplied dimension handle and
routing space.

Supplied Arguments

— Dimension handle
— Routing space handle

Returned Arguments
— Dimension name

Pre-conditions

— The specified routing space is defined in the FED.

— The specified dimension is defined in the specified routing space in the FED.
— The federation execution exists.

— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested dimension name.

Exceptions

— The routing space is not defined in the FED.

— The dimension is not defined in the FED.

— The federate is not a federation execution member.
— RTlinternal error

Related Services
— Get Dimension Handle

Copyright O 1998 IEEE. All rights reserved. 187
This is an unapproved IEEE Standards Draft, subject to change



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

10.16 Get Attribute Routing Space Handle

The Get Attribute Routing Space Handlervice shall return the routing space associated with the supplied attribute
and object class.

Supplied Arguments

— Attribute handle
— Object class handle

Returned Arguments
— Routing space handle

Pre-conditions

— The specified object class is defined in the FED.

— The specified class attribute is an available attribute of the specified object class.
— The federation execution exists.

— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested routing space handle.

Exceptions

— The object class is not defined in the FED.

— The specified object class attribute is not an available attribute of the specified object class.
— The federate is not a federation execution member.

— RTl internal error

Related Services
— None
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10.17 Get Object Class

The Get Object Classervice shall return the known object class of the supplied object instance.

Supplied Arguments
— Object instance handle

Returned Arguments
— Object class handle

Pre-conditions

— The specified object instance exists.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the known object class of the specified object instance.

Exceptions

— The object instance is not known.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— None
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10.18 Get Interaction Routing Space Handle

The Get Interaction Routing Space Handlervice shall return the routing space associated with the supplied interac-
tion class.

Supplied Arguments
— Interaction class handle

Returned Arguments
— Routing space handle

Pre-conditions

— The specified interaction class is defined in the FED.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested routing space handle.

Exceptions

— The interaction is not defined in the FED.
— The federate is not a federation execution member.
— RTl internal error

Related Services
— None
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10.19 Get Transportation Handle

The Get Transportation Handlservice shall return the transportation handle associated with the supplied transporta-
tion name.

Supplied Arguments
— Transportation name

Returned Arguments
— Transportation handle

Pre-conditions

— The transportation name is defined.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested transportation handle.

Exceptions

— Name not found
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Transportation Name
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10.20 Get Transportation Name

The Get Transportation Namgervice shall return the transportation name associated with the supplied transportation
handle.

Supplied Arguments
— Transportation handle

Returned Arguments
— Transportation name

Pre-conditions

— The transportation handle is defined.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested transportation name.

Exceptions

— Invalid transportation handle
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Transportation Handle
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10.21 Get Ordering Handle

The Get Ordering Handleservice shall return the ordering handle associated with the supplied ordering name.

Supplied Arguments
— Ordering name

Returned Arguments
— Ordering handle

Pre-conditions

— The ordering name is defined.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested ordering handle.

Exceptions

— Name not found
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Ordering Name

Copyright O 1998 IEEE. All rights reserved. 193
This is an unapproved IEEE Standards Draft, subject to change



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1 20 April 1998

10.22 Get Ordering Name

The Get Ordering Nara service shall return the ordering name associated with the supplied ordering handle.

Supplied Arguments
— Ordering handle

Returned Arguments
— Ordering name

Pre-conditions

— The ordering handle is defined.
— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The federate has the requested ordering name.

Exceptions

— Invalid ordering handle
— The federate is not a federation execution member.
— RTl internal error

Related Services
— Get Ordering Handle
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10.23 Enable Class Relevance Advisory Switch

TheEnable Class Relevance Advisory Swiehvice shall set the Class Relevance Advisory switch on.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The Class Relevance Advisory switch is turned on.

Exceptions

— The federate is not a federation execution member.

— Save in progress
— Restore in progress
— RTlinternal error

Related Services

— Disable Class Relevance Advisory Switch
— Start Registration For Object Class T

— Stop Registration For Object Class t
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10.24 Disable Class Relevance Advisory Switch
TheDisable Class Relevance Advisory Swiehvice shall

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The Class Relevance Advisory switch is turned off.

Exceptions

— The federate is not a federation execution member.

— Save in progress
— Restore in progress
— RTlinternal error

Related Services

— Enable Class Relevance Advisory Switch
— Start Registration For Object Class T
— Stop Registration For Object Class t
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set the Class Relevance Advisory Switch off.
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10.25 Enable Attribute Relevance Advisory Switch
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TheEnable Attribute Relevance Advisory Swisehvice shall set the Attribute Relevance Advisory switch on.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions

— The Attribute Relevance Advisory switch is turned on.

Exceptions

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Disable Attribute Relevance Advisory Switch
— Turn Updates On For Object Instance t

— Turn Updates Off For Object Instance t
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10.26 Disable Attribute Relevance Advisory  Switch
TheDisable Attribute Relevance Advisory Swisehvice shall set the Attribute Relevance Advisory switch off.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The Attribute Relevance Advisory switch is turned off.

Exceptions

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Enable Attribute Relevance Advisory Switch
— Turn Updates On For Object Instance t

— Turn Updates Off For Object Instance t
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10.27 Enable Attribute Scope Advisory Switch

TheEnable Attribute Scope Advisory Switadrvice shall set the Attribute Scope Advisory switch on.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The Attribute Scope Advisory switch is turned on.

Exceptions

— The federate is not a federation execution member.

— Save in progress
— Restore in progress
— RTlinternal error

Related Services

— Disable Attribute Scope Advisory Switch
— Attributes In Scope

— Attributes Out Of Scope t
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10.28 Disable Attribute Scope Advisory  Switch
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TheDisable Attribute Scope Advisory Switsdrvice shall set the Attribute Scope Advisory switch off.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The Attribute Scope Advisory switch is turned off.

Exceptions

— The federate is not a federation execution member.

— Save in progress
— Restore in progress
— RTlinternal error

Related Services

— Enable Attribute Scope Advisory Switch
— Attributes In Scope
— Attributes Out Of Scope T
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10.29 Enable Interaction Relevance Advisory  Switch
TheEnable Interaction Relevance Advisory Swielvice shall set the Interaction Relevance Advisory switch on.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The Interaction Relevance Advisory switch is turned on.

Exceptions

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Disable Interaction Relevance Advisory Switch
— Tune Interactions On t

— Tune Interactions Off T
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10.30 Disable Interaction Relevance Advisory  Switch
TheDisable Interaction Relevance Advisory Swiehvice shall set the Interaction Relevance Advisory switch off.

Supplied Arguments
— None

Returned Arguments
— None

Pre-conditions

— The federation execution exists.
— The federate is joined to that federation execution.

Post-conditions
— The Interaction Relevance Advisory switch is turned off.

Exceptions

— The federate is not a federation execution member.
— Save in progress

— Restore in progress

— RTlinternal error

Related Services

— Enable Interaction Relevance Advisory Switch
— Tune Interactions On

— Tune Interactions Off T
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11. Management object model (MOM)

Management object model (MOM) facilities can be used by federates and the RTI to provide insight into the operations
of federates and the RTI and to control the functioning of the RTI, the federation, and individual federates. The ability
to monitor and control elements of a federation is required for proper functioning of a federation execution.

MOM shall satisfy these requirements by utilizing predefined HLA constructs: objects and interactions. The RTI shall
publish object classes and shall register and update values of attributes of object instances; shall subscribe to and re-
ceive some interaction classes; and shall publish and send other interaction classes. A federate charged with controlling
a federation execution can subscribe to the object classes, reflect the updates, publish and send some interaction class-
es, and subscribe to and receive other interaction classes.

The MOM object class structure is depicted in Figure 14. The MOM object classes shall be defined as:

— Object class Manager.Federate: contains attributes that describe the state of a federate. The RTI shall publish the
class and register one object instance of this class for each federate in the federation. The RTI shall update the
information periodically, based on timing data provided in Manager.Federate.Adjust interactions. Information
shall be contained in an object instance that includes identifying information about the federate, measures of the
federate’s time state, and the status of queues maintained by the RTI for the federate.

— Object class Manager.Federation: contain attributes that describe the state of the federation execution. The RTI
shall publish the class and register one object instance of this class for the federation.

Manager

|
Federate Federation | |(extensions)

Figure 14—MOM object class structure

The MOM interaction class structure is depicted in Figure 15. The MOM interaction classes shall be defined as:

— Interaction classes that are subclasses of Manager.Federate.Adjust shall be acted upon by the RTI. They shall
permit a managing federate to adjust the way the RTI performs when responding to another federate and how it
shall respond and report to the managing federate.

— Interaction classes that are subclasses of Manager.Federate.Request shall be acted upon by the RTI. They shall
cause the RTI to send subclasses of Manager.Federate.Report interaction class.

— Interaction classes that are subclasses of Manager.Federate.Report shall be sent by the RTI. They shall respond to
interaction classes that are subclasses of Manager.Federate.Request class interactions. They shall describe some
aspect of the federate such as its object class subscription tree.

— Interaction classes that are subclasses of Manager.Federate.Service shall be acted upon by the RTI. They shall
invoke RTI services on behalf of another federate. For services that are normally invoked by a federate, they
shall cause the RTI to react as if the service was invoked by the federate (for example, a managing federate could
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change the time-regulating state of another federate). Services that are normally callbacks from the RTI to a fed-
erate shall cause the RTI to invoke the callback.

Federate (extensions)

Adjust Request Report Sernvice

Figure 15—MOM interaction class structure

All MOM object classes, interaction classes, attributes, and parameters shall be predefineBfitaeThese def-
initions may not be revised.

MOM definitions may be extended, however; they may be augmented with additional subclasses, class attributes, or
parameters. These new elements shall not be acted upon directly by the RTI, they may be acted upon by federates in
the federation.

The MOM object classes may be extended by adding subclasses or class attributes. Without extensions, the RTI shall
publish Manager.Federatand Manager.Federatiorclasses with predefined MOM class attributes, register an in-
stance, and update the values of the predefined instance attributes. The RTI shall not subscribe to any object class. Val-
id methods for extending the MOM object classes shall be

— Subclasses may be added to any MOM object class. Here, the federate may publish the object class and its
attributes, register an instance of the new class, and update values of instance attributes of the object instance
according to dictates of the federation execution. Note that the instance of the subclass shall be separate from the
MOM object instance that is registered by the RTI. Therefore, instance attributes that are inherited by the exten-
sion subclass from the MOM predefined class shall not be updated by the RTI.

— Attributes may be added to any MOM object class. Here, the federate may publish the object class with the new
class attributes; and may subscribe to the object class and attributes in it, discover and reflect updates to learn the
object instance in question, and update the values of the new instance attributes using the discovered object
instance designator. Note that the instance that the federate shall update with the new instance attributes shall be
the same as the MOM object instance that is registered by the RTI.

The MOM interaction classes may be extended by adding subclasses or parameters. There shall be three categories of
extension of MOM interaction classes:
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a) Classes of interaction that the RTI shall send (subclasséanafiger.Federate.ReprtThe RTI shall publish at

the MOM leaf-class level (e.gVlanager.Federate.Report.Algrit shall send interactions containing all pre-

defined parameters for that interaction class. Valid methods for extending this type of MOM interaction class

shall be

— Subclasses may be added to these MOM interaction classes. The RTI shall not send interactions of these
subclasses. If federates subscribe to the subclass, they shall receive the full interaction. If they subscribe to
the class of which the extension is a subclass, the interaction shall be promoted to the subscribed class and
any new parameters shall be lost.

— Parameters may be added to any MOM interaction class. Interactions of these classes that are sent by the
RTI shall not contain the new parameters.

b) Classes of interaction that the RTI shall receive (subclas$éanafger.Federate. Adjustanager.Feder-
ate.RequestandManager.Federate.ServigeThe RTI shall subscribe at the MOM leaf-class level (Mgn-
ager.Federate.Adjust.SetTimindt shall receive these interactions and process all predefined parameters for that
interaction class. Valid methods for extending this type of MOM interaction class shall be
— Subclasses may be added to any MOM interaction class. If a federate sends an interaction of this class, the

RTI shall receive a promoted version that shall contain only the parameters of the predefined interaction
class.

— Parameters may be added to any MOM interaction class. If a federate sends an interaction with extra param-
eters, the RTI shall receive the new parameters but shall ignore them and process only the predefined param-
eters.

c) Classes of interaction that shall be neither sent nor received by the RTI. These classes of interaction shall be
ignored by the RTI and may be formed in any way that is consistent with FOM development.

11.1 MOM obijects

The MOM shall contain two predefined object clasbéenager.FederatandManager.Federationand the attributes
associated with them.

The object classes are described in the following paragraphs. No instance attributes of these classes shall be transfer-
able; the RTI shall never release ownership of the instance attributes.

NOTE—the data type of all instance attributes shall be text; the tables defining the attributes shall present a moratspecific d
type—this shall represent the data type from which the text data shall be translated. For enumerated attributes, therealues are
sented in the form that shall be provided in the RTI API; specific values shall depend on the computer-language veisRin of the

11.1.1 Object class Manager.Federation

The object clasManager.Federatioshall contain RTI state variables relating to a federation execution. The RTI shall
publish object clasBlanager.Federatioand shall register one object instafmethe federation execution. It shall not
automatically update the values of the instance attributes; a federate shadbgsest Attribute Value Updatervice

to obtain values for the instance attributes.

Table 4—Object class Manager.Federation

Attribute Type Description

FederationName string Name of the federation to which the federate belongs

FederatesInFederation handle list Comma-separated list of the designators of federates that
have joined the federation execution (null string if none)
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Table 4—Object class Manager.Federation

RTlversion string Version of the RTI software
FEDid string Identifier associated with the FED data used by the federation
LastSaveName string Name associated with the last federation state save (nulljif no

saves have occurred)

LastSaveTime time Logical time at which the last federation state save occurred
(zero if no saves have occurred)

NextSaveName string Name associated with the next federation state save (nyll if
no saves are scheduled)

NextSaveTime time Logical time at which the next federation state save is sghed-
uled (zero if no saves are scheduled)

11.1.2 Object class Manager.Federate

The object clasManager.Federatshall contain RTI state variables relating to a federate. The RTI shall publish object
classManager.Federatand shall register one object instafmeeach federate in a federati@ynamic attributes that

shall be contained in an objdostance shall be updated periodically, where the period should be determined by an
interaction of the cladglanager.Federate.Adjust.SetTiminfithis value is never set or is set to zero, no periodic up-
date shall be performed by the RTI.

Table 5—Object class Manager.Federate

Attribute Type Description

FederateHandle handle Designator of the federate returned by a feéalera-
tionExecutiorservice invocation

FederateType string Type of the federate specified by the federate when it joined the
federation

FederateHost string Host name of the computer on which the federate is executing

RTlversion string Version of the RTI software being used

FEDid string Identifier associated with the FED data used by the federgte

TimeConstrained boolean Whether the time advance of the federate is constrained by oth-

er federates

TimeRegulating boolean Whether the federate influences the time advance of other fed-
erates
AsynchronousDelivery | boolean Whether the RTI shall deliver receive-order messages to the

federate while the federate’s time manager state is “Idle” (only
valid if the federate is time-constrained)
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Table 5—Object class Manager.Federate

FederateState enumerated | State of the federate; valid values are
— Running

— Save pending

— Saving

— Restore pending

— Restoring

TimeManagerState enumerated | State of the federate’s time manager state; valid values are

— Idle
— Advance pending

FederateTime time Logical time of the federate (zero if logical time is not used)

Lookahead time Minimum duration into the future that a TSO event will be
scheduled (zero if logical time is not used)

LBTS time Logical time of the LTBS (zero if logical time is not used)

MinNextEventTime time Minimum of the LBTS and the head of the TSO queue (zero if
logical time is not used)

ROlength long Number of events stored in the RO queue

TSOlength long Number of events stored in the TSO queue

ReflectionsReceived long Total number of reflections received by the federate

UpdatesSent long Total number of updates sent by the federate

InteractionsReceived long Total number of interactions received by the federate

InteractionsSent long Total number of interactions sent by the federate

ObjectsOwned long Total number of object instances wh&sévilegeToDeletet-

tribute is owned by the federate

ObjectsUpdated long Total number of object instances for which the federate updates
at least one attribute value

ObjectsReflected long Total number of object instances for which the federate reflects
updates of at least one attribute

11.2 MOM interactions

The MOM shall contain a single predefined interaction cldssiager and a single subclass of that cladserate
Subordinate to that level shall be four subclasseisinager.Federate.AdjustManager.Federate.Request
Manager.Federate.ReporaindManager.Federate.Servic&pecific interactions, sent and received by the RTI, shall
be subclasses of these classes and shall be described in the following paragraphs.

Note that the data type of all parameters shall be text; the tables in the following paragraphs that describe interaction
parameters present a more specific data type. This more specific type shall represent the data type from which the text
data could be generated (itoa in C, for example). For enumerated parameters, the values shall be presented in the form
that shall be depicted in the RTI API; specific values shall depend on the computer-language version of the API.
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11.2.1 Interaction class Manager.Federate.Adjust

The interaction clagdlanager.Federate.Adjushall permit a federate to adjust the RTI state variables associated with
another federate. Interactions that are subclasses of this interaction class shall be

— SetTiming

— ModifyAttributeState

— SetServiceReporting

— SetExceptionLogging

11.2.1.1 Interaction subclass SetTiming
The interaction subclassetTimingshall adjust the time period between updates oMheager.Federat®bject in-

stance for the federate. If this interaction is never sent, the RTI shall not perform periodic updates.

Table 6—Interaction subclass  SetTiming

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

ReportPeriod long Number of seconds between updates of instance attribute values
of theFederateobject instance (A zero value causes periodic|up-
dates to cease.)

11.2.1.2 Interaction subclass ModifyAttributeState

The interaction subclagdodifyAttributeStateshall modify the ownership state of an attribute of an object instance for
the federate.

Table 7—Interaction subclass  ModifyAttributeState

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Objectinstance string Name of the object instance whose attribute state is being
changed

Attribute handle Designator of the instance attribute whose state is being changed

AttributeState enumerated | Desired state for the attribute of the object instance; valid vaglues
are
— Owned
— Unowned

11.2.1.3 Interaction subclass SetServiceReporting

The interaction subclassSetServiceReportingshall specify whether to report service invocations via
Manager.Federate.Report.ReportServicelnvocaitiberactions.
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Table 8—Interaction subclass SetServiceReporting

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

ReportingState boolean Whether the RTI should report service invocations

11.2.1.4 Interaction subclass SetExceptionLogging

The interaction subclagetExceptionLogginghall specify whether to log RTI exceptions to a file.

Table 9—Interaction subclass  SetExceptionLogging

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

LoggingState boolean Whether the RTI should log exceptions

11.2.2 Interaction class Manager.Federate.Request

The interaction classlanager.Federate.Requestall permit a federate to request RTI data about another federate.
Interactions that are subclasses of this interaction class shall be

— RequestPublications

— RequestSubscriptions

— RequestObjectsOwned

— RequestObjectsUpdated

— RequestObjectsReflected

— RequestUpdatesSent

— RequestinteractionsSent

— RequestReflectionsReceived
— RequestinteractionsReceived
— RequestObjectinformation

11.2.2.1 Interaction subclass RequestPublications

The interaction subclag®equestPublicationshall request that the RTI send report interactions that shall contain the
publication data of a federate. It shall result in one interaction of clls®ager.Federate.Re-
port.ReportinteractionPublicatiomnd one interaction of claddanager.Federate.Report.ReportObjectPublication
for each object class published.

Table 10—Interaction subclass RequestPublications

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing
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11.2.2.2 Interaction subclass RequestSubscriptions

The interaction subclag&equestSubscriptiorshall request that the RTI send report interactions that shall contain the
subscription data of a federate. It shall result in one interaction of  class
Manager.Federate.Report.ReportinteractionSubscription and one interaction of class
Manager.Federate.Report.ReportObjectSubscriptosreach object class published.

Table 11—Interaction subclass RequestSubscriptions

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.2.3 Interaction subclass RequestObjectsOwned
The interaction subclag®equestObjectsOwnethall request that the RTI send a report interaction that shall contain

the object ownership data of a federate. It shall result in one interaction of Masager.Feder-
ate.Report.ReportObjectsOwned

Table 12—Interaction subclass RequestObjectsOwned

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.2.4 Interaction subclass RequestObjectsUpdated
The interaction subclag&equestObjectsUpdatatiall request that the RTI send a report interaction that shall contain

the object updating responsibility of a federate. It shall result in one interaction of ®ass
ager.Federate.Report.ReportObjectsUpdated

Table 13—Interaction subclass RequestObjectsUpdated

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.2.5 Interaction subclass RequestObjectsReflected

The interaction subclag®equestObjectsReflectedall request that the RTI shall send a report interaction that shall
contain the objects for which a federate shall reflect updates of instance attributes. It shall result in one interaction of
classManager.Federate.Report.ReportObjectsReflected

Table 14—Interaction subclass RequestObjectsReflected

Parameter Type Description
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Table 14—Interaction subclass RequestObjectsReflected

Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.2.6 Interaction subclass RequestUpdatesSent
The interaction subclag®questUpdatesSestiall request that the RTI send a report interaction that shall contain the

number of updates that a federate has generated. It shall result in one interaction oMatass
ager.Federate.Report.ReportUpdatesSentach transportation type that is used to send updates.

Table 15—Interaction subclass RequestUpdatesSent

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.2.7 Interaction subclass RequestinteractionsSent
The interaction subclag&equestinteractionsSestall request that the RTI send a report interaction that shall contain

the number of interactions that a federate has generated. It shall result in one interactioMahelges.Federate.Re-
port.ReportinteractionsSefdr each transportation type that is used to send interactions.

Table 16—Interaction subclass RequestinteractionsSent

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.2.8 Interaction subclass RequestReflectionsReceived
The interaction subclag®questReflectionsReceivadthll request that the RTI send a report interaction that shall con-

tain the number of reflections that a federate has received. It shall result in one interactionMéictass.Feder-
ate.Report.ReportReflectionsReceif@deach transportation type used in receiving reflections.

Table 17—Interaction subclass RequestReflectionsReceived

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.2.9 Interaction subclass RequestinteractionsReceived

The interaction subclag®&equestinteractionsReceivatall request that the RTI send a report interaction that shall con-
tain the number of interactions that a federate has received. It shall result in one interactiorMdridass. Feder-
ate.Report.ReportinteractionsReceifedeach transportation type used in receiving interactions.
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Table 18—Interaction subclass  RequestinteractionsReceived

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.2.10 Interaction subclass RequestObjectinformation
The interaction subclag®equestObjectinformatioshall request that the RTI send a report interaction that shall con-

tain the information that a federate shall maintain on a single object instance. It shall result in one interaction of class
Manager.Federate.Report.ReportObjectinformation

Table 19—Interaction subclass RequestObjectinformation

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Objectinstance string Name of the object instance for which information is being te-
quested

11.2.3 Interaction class Manager.Federate.Report

The interaction cladglanager.Federate.Reposhall report RTI data about a federate. The RTI shall send these inter-
actions in response to interactions of clslssyager.Federate.Requestteractions that are subclasses of this interac-
tion class shall be

— ReportObjectPublication

— ReportinteractionPublication
— ReportObjectSubscription
— ReportinteractionSubscription
— ReportObjectsOwned

— ReportObjectsUpdated

— ReportObjectsReflected

— ReportUpdatesSent

— ReportReflectionsReceived
— ReportinteractionsSent

— ReportinteractionsReceived
— ReportObjectinformation

— Alert

— ReportServicelnvocation

11.2.3.1 Interaction subclass ReportObjectPublication

The interaction subclageportObjectPublicatioshall be sent by the RTI in response to an interaction of lelass
ager.Federate.Request.RequestPublicatittrehall report the attributes of one object class published by the federate.
One of these interactions shall be sent for each object class containing attributes that are published by the federate.
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Table 20—Interaction subclass  ReportObjectPublication

join-

Parameter Type Description
Federate handle Designator of the affected federate that was provided when
ing
NumberOfClasses long The number of object classes for which the federate publishes at-
tributes
ObjectClass handle The object class whose publication is being reported
AttributeL.ist handle list Comma-separated list of attributes of ObjectClass that the f

ate is publishing (null string if none)

11.2.3.2 Interaction subclass

ReportinteractionPublication

eder-

The interaction subclag®eportinteractionPublicatioshall be sent by the RTI in response to an interaction of class
Manager.Federate.Request.RequestPublicatitirshall report the interaction classes published by the federate.

Table 21—Interaction subclass  ReportinteractionPublication

join-

Parameter Type Description

Federate handle Designator of the affected federate that was provided when
ing

InteractionClassList handle list Comma-separated list of interaction classes that the federa

publishing (null string if none)

te is

11.2.3.3 Interaction subclass

ReportObjectSubscription

The interaction subclad®eportObjectSubscriptioahall be sent by the RTI in response to an interaction of class
Manager.Federate.Request.RequestSubscriptibslall report the attributes of one object class subscribed to by the
federate. One of these interactions shall be sent for each object class that is subscribed to by the federate.

Table 22—Interaction subclass ReportObjectSubscription

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

NumberOfClasses long The number of object classes for which the federate subsctibes
to attributes

ObjectClass handle The object class whose subscription is being reported

Active boolean Whether the subscription is active
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Table 22—Interaction subclass ReportObjectSubscription

AttributeList handle list Comma-separated list of designators of an ObjectClass attrjbute
that the federate is subscribing to (null string if no subscrip-
tions).

11.2.3.4 Interaction subclass ReportinteractionSubscription

The interaction subclag®eportinteractionSubscriptioshall be sent by the RTI in response to an interaction of class
Manager.Federate.Request.RequestSubscriptibslall report the interaction classes subscribed to by the federate.

Table 23—Interaction subclass ReportinteractionSubscription

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

InteractionClassList handle/active | Comma-separated list of interaction class/subscription type
pairs. Each pair consists of the designator of an interaction class
that the federate is subscribed to and whether the federate|is ac-
tively subscribing. The class is separated from the subscrigtion
type by a slash (/) (null string if no subscriptions)

11.2.3.5 Interaction subclass ReportObjectsOwned
The interaction subclasReportObjectsOwneghall be sent by the RTI in response to an interaction of class

Manager.Federate.Request.RequestObjectsOwlhethall report the number of object instances (by class) whose
PrivilegeToDeletattribute shall be owned by the federate.

Table 24—Interaction subclass  ReportObjectsOwned

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

ObjectCounts handle/ count,| A comma-separated list of object instance counts. Each object

instance count consists of an object class designator and the
number of object instances of that class. The designator is |[sepa-
rated from the number by a slash (/) (null string if no object|in-

stances exist).

11.2.3.6 Interaction subclass ReportObjectsUpdated

The interaction subclasReportObjectsUpdatedhall be sent by the RTI in response to an interaction of class
Manager.Federate.Request.RequestObjectsUpditghll report the number of object instances (by class) for which

the federate shall be responsible for updating at least one instance attribute; where the federate shall publish the in-
stance attribute, own the attribute of the object instance, and be notified by the RTI that the federate should update the
values of the instance attribute.
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Table 25—Table 25—Interaction subclass  ReportObjectsUpdated

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

ObjectCounts handle/ count,| Comma-separated list of object instance counts. Each object in-

stance count consists of an object class designator and the num-
ber of object instances of that class. The designator is separated
from the number by a slash (/) (null string if no object instancges).

11.2.3.7 Interaction subclass ReportObjectsReflected
The interaction subclaskeportObjectsReflecteshall be sent by the RTI in response to an interaction of class

Manager.Federate.Request.RequestObjectsReflelttatiall report the number of object instances (by class) for
which the federate shall reflect updates of at least one attribute.

Table 26—Interaction subclass ReportObjectsReflected

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

ObjectCounts handle/ count,| Comma-separated list of object counts. Each object instance

count consists of an object class designator and the number of
object instances of that class. The designator is separated from
the number by a slash (/) (null string if no object instances)

11.2.3.8 Interaction subclass ReportUpdatesSent

The interaction subclasReportUpdatesSenshall be sent by the RTI in response to an interaction of class
Manager.Federate.Request.RequestUpdates8esitall report the number of updates sent (by object class) by the
federate since the beginning of the federation execution. One interaction of this class shall be sent by the RTI for each
transportation type used.

Table 27—Interaction subclass ReportUpdatesSent

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

TransportationType enumerated | Transportation type used in sending updates; valid values are
— Reliable
— Best effort
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Table 27—Interaction subclass ReportUpdatesSent

UpdateCounts handle/ count,| Comma-separated list of update counts. Each update count con-
sists of an object class designator and the number of updatels sent
of that class. The designator is separated from the number|by a

slash (/) (null string if no updates).

11.2.3.9 Interaction subclass ReportReflectionsReceived

The interaction subclad®eportReflectionsReceivetiall be sent by the RTI in response to an interaction of class
Manager.Federate.Request.RequestReflectionsRecéiwbdll report the number of reflections received (by object

class) by the federate since the beginning of the federation execution. One interaction of this class shall be sent by the
RTI for each transportation type used.

Table 28—Interaction subclass ReportReflectionsReceived

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

TransportationType enumerated | Transportation type used in receiving reflections; valid values
are

— Reliable
— Best effort

ReflectCounts handle/ count,| Comma-separated list of reflection counts. Each reflection count

consists of an object class designator and the number of rgflec-
tions received of that class. The designator is separated from the
number by a slash (/) (null string if no reflections).

11.2.3.10 Interaction subclass ReportinteractionsSent

The interaction subclasReportinteractionsSerghall be sent by the RTI in response to an interaction of class
Manager.Federate.Request.Requestinteractions®eshall report the number of interactions sent (by interaction
class) by the federate since the beginning of the federation execution. One interaction of this class shall be sent by the
RTI for each transportation type used.

Table 29—Interaction subclass  ReportinteractionsSent

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing
TransportationType enumerated | Transportation type used in sending interactions; valid values
are
— Reliable
— Best effort
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Table 29—Interaction subclass  ReportinteractionsSent

InteractionCounts count list Comma-separated list of interaction counts. Each interactian
count consists of an interaction class handle and the numbegr of
interactions of that class. The handle is separated from the|num-
ber by a slash (/) (null string if no interactions).

11.2.3.11 Interaction subclass ReportinteractionsReceived

The interaction subclas®eportinteractionsReceivezhall be sent by the RTI in response to an interaction of class
Manager.Federate.Request.RequestinteractionsRecdiabadll report the number of interactions received (by inter-

action class) by the federate since the beginning of the federation execution. One interaction of this class shall be sent
by the RTI for each transportation type used.

Table 30—Interaction subclass  ReportinteractionsReceived

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

TransportationType enumerated | Transportation type used in receiving interactions; valid values
are

— Reliable
— Best effort

InteractionCounts count list Comma-separated list of interaction counts. Each interactian
count consists of an interaction class handle and the numbegr of

interactions of that class. The handle is separated from the|num-
ber by a slash (/) (null string if no interactions).

11.2.3.12 Interaction subclass ReportObjectinformation

The interaction subclag’eportObjectinformatiorshall be sent by the RTI in response to an interaction of class
Manager.Federate.Request.RequestObjectinformatiahall report on a single object instance and portray the at-
tributes of that object instance that shall be owned by the federate, the registered class of the object instance, and the
known class of the object instance.

Table 31—Interaction subclass ReportObjectinformation

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Objectinstance string Name of the object instance for which the interaction was sent

OwnedAttributeL.ist handle list Comma-separated list of the handles of all instance attributes
owned for the object instance by the federate (null string if
none).

RegisteredClass handle Designator of the registered class of the object instance
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Table 31—Interaction subclass ReportObjectinformation

KnownClass handle Designator of the known class of the object instance (registered
if owned registered by the federate, discovered if discovered by
the federate)

11.2.3.13 Interaction subclass Alert

The interaction subclagdert shall be sent by the RTI when an exception occurs

Table 32—Interaction subclass Alert

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

AlertSeverity enumerated | Severity of alert raised by the RTI; valid values are

— RTI exception

— RTlinternal error
— RTI federate error
— RTI warning

— RTI diagnostic

AlertDescription string Textual description of the alert

AlertID long Numerical identifier of the alert

11.2.3.14 Interaction subclass ReportServicelnvocation

The interaction subclag&eportServicelnvocatioshall be sent by the RTI whenever an RTI service is invoked, either

by a federate or by the RTI. By default, the RTI shall not send these interactions. Generation may be controlled (turned
on or off) by interactions of cladganager.Federate.Adjust.SetServiceReporfitg interaction shall always contain

the arguments supplied by the service invoker. If the service invocation was successful, the interaction also shall con-
tain the value returned to the invoker (if the service returns a value); otherwise, the interaction also shall contain an
indication of the exception that shall be raised to the invoker.

Table 33—Interaction subclass  ReportServicelnvocation

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Service string Textual name of the service

Initiator enumerated | Initiator of the RTI service; valid values are
— Federate
— RTI

Successlindicator boolean Whether the service invocation was successful. Exception yal-
ues are returned along with a false value.
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Table 33—Interaction subclass ReportServicelnvocation

SuppliedArgumentl string Textual depiction of the first argument supplied in the service in-
vocation

SuppliedArgument2 string Textual depiction of the second argument supplied in the service
invocation

SuppliedArgument3 string Textual depiction of the third argument supplied in the servjce
invocation

SuppliedArgument4 string Textual depiction of the fourth argument supplied in the seryice
invocation

SuppliedArgument5 string Textual depiction of the fifth argument supplied in the service
invocation

ReturnedArgument string Textual depiction of the argument returned by the service invo-
cation (null if the service does not normally return a value dr if
Successlindicatas false)

ExceptionDescription | string Textual description of the exception raised by this service invo-
cation (null if Successlindicatds true.)

ExceptionID long Numerical identifier of the exception raised by this service invo-
cation (null if Successlindicatds true)

11.2.4 Interaction class Manager.Federate.Service

The interaction clas¥lanager.Federate.Serviahall be acted upon by the RTI. These services shall invoke RTI ser-
vices on behalf of another federate. For services that shall be normally invoked by a federate, they shall cause the RTI
to react as if the service has invoked the federate. For services that are normally callbacks from the RTI to a federate,
they shall cause the RTI to invoke the callback.

If exceptions arise as a result of the use of these interactions, they shall be reported/aiaather. Federate.Re-
port.Alertinteraction to all federates that subscribe to this interaction.

NOTE—These interactions shall have the potential to disrupt normal federation execution and should be used with great care.

Interactions that shall be subclasses of this interaction class are

— ResignFederationExecution
— SynchronizationPointAchieved
— FederateSaveBegun

— FederateSaveComplete

— FederateRestoreComplete

— PublishObjectClass

— UnpublishObjectClass

— PublishinteractionClass

— UnpublishinteractionClass

— SubscribeObjectClassAttributes
— UnsubscribeObjectClass

— SubscribelnteractionClass

— UnsubscribelnteractionClass
— DeleteObjectinstance
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— LocalDeleteObjectinstance

— ChangeAttributeTransportationType
— ChangeAttributeOrderType

— ChangelnteractionTransportationType
— ChangelnteractionOrderType

— UnconditionalAttributeOwnershipDivestiture
— EnableTimeRegulation

— DisableTimeRegulation

— EnableTimeConstrained

— DisableTimeConstrained

— EnableAsynchronousDelivery

— DisableAsynchronousDelivery

— ModifyLookahead

— TimeAdvanceRequest

— TimeAdvanceRequestAvailable

— NextEventRequest

— NextEventRequestAvailable

— FlushQueueRequest

11.2.4.1 Interaction subclass ResignFederationExecution

The interaction subclas®esignFederationExecutiahall cause the federate to resign from the federation execution.

Table 34—Interaction subclass ResignFederationExecution

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

ResignAction enumerated | Action thatthe RTl s to take in conjunction with the resignatipn;

valid values are

— Release ownership of all owned instance attributes

— Delete all object instances for which the federate has the
delete privilege

— Perform the first action above, then the second

— Perform no actions

11.2.4.2 Interaction subclass SynchronizationPointAchieved

The interaction subclag®/nchronizationPointAchievegthall mimic the federate’s report of achieving a synchroniza-
tion point.

Table 35—Interaction subclass  SynchronizationPointAchieved

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Label string Label associated with the synchronization point
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11.2.4.3 Interaction subclass FederateSaveBegun

The interaction subclas®derateSaveBegghall mimic the federate’s report of starting a save.

Table 36—Interaction subclass FederateSaveBegun

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.4.4 Interaction subclass FederateSaveComplete

The interaction subclass FederateSaveComplete shall mimic the federate’s report of completion of a save.

Table 37—Interaction subclass FederateSaveComplete

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Successlindicator boolean Whether the save was successful

11.2.4.5 Interaction subclass FederateRestoreComplete

The interaction subclas®derateRestoreCompletball mimic the federate’s report of completion of a restore.

Table 38—Interaction subclass FederateRestoreComplete

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Label string Label associated with the restore

Successlindicator boolean Whether the restore was successful

11.2.4.6 Interaction subclass PublishObjectClass

The interaction subclag&iblishObjectClasshall set the federate’s publication status of attributes belonging to an ob-
ject class.

Table 39—Interaction subclass PublishObjectClass

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing
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Table 39—Interaction subclass PublishObjectClass

ObjectClass handle Object class for which the federate’s publication is set

AttributeL.ist handle list Comma-separated list of handles of attribute®lgjectClass,
which the federate shall now publish (null string if none)

NOTE—A null string implies that the federate shall now publish ng at-
tributes.

11.2.4.7 Interaction subclass UnpublishObjectClass

The interaction subclagdnpublishObjectClasshall cause the federate no longer to publish attributes of an object
class.

Table 40—Interaction subclass  UnpublishObjectClass

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

ObjectClass handle Object class that the federate shall no longer publish

11.2.4.8 Interaction subclass PublishinteractionClass

The interaction subclag&ublishinteractionClasshall set the federate’s publication status of an interaction class.

Table 41—Interaction subclass PublishinteractionClass

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

InteractionClass handle Interaction class that the federate shall publish

11.2.4.9 Interaction subclass UnpublishinteractionClass

The interaction subclagsnpublishinteractionClasshall cause the federate no longer to publish an interaction class.

Table 42—Interaction subclass  UnpublishinteractionClass

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

InteractionClass handle Interaction class that the federate shall no longer publish
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11.2.4.10 Interaction subclass SubscribeObjectClassAttributes

The interaction subclasSubscribeObjectClassAttributeball set the federate’s subscription status of attributes be-
longing to an object class.

Table 43—Interaction subclass SubscribeObjectClassAttributes

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

ObjectClass handle Object class for which the federate’s subscription shall change

AttributeList handle list Comma-separated list of handles of attributedlgéctClasdo

which the federate shall now subscribe (null string if none)

NOTE—A null string implies that the federate shall now sub
scribe to no attributes.

Active boolean Whether the subscription is active

11.2.4.11 Interaction subclass UnsubscribeObjectClass

The interaction subclagsnsubscribeObjectClashall cause the federate no longer to subscribe to attributes of an ob-
ject class.

Table 44—Interaction subclass  UnsubscribeObjectClass

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

ObjectClass handle Object class to which the federate shall no longer be subscribed

11.2.4.12 Interaction subclass SubscribelnteractionClass

The interaction subclasdubscribelnteractionClasshall set the federate’s subscription status to an interaction class.

Table 45—Interaction subclass  SubscribelnteractionClass

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

InteractionClass handle Interaction class to which the federate shall subscribe

Active boolean Whether the subscription is active
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11.2.4.13 Interaction subclass UnsubscribelnteractionClass

The interaction subclassnsubscribelnteractionClasshall cause the federate no longer to subscribe to an interaction
class.

Table 46—Interaction subclass  UnsubscribelnteractionClass

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

InteractionClass handle Interaction class to which the federate will no longer subsctibe

11.2.4.14 Interaction subclass DeleteObjectinstance

The interaction subcla$3eleteObjectinstancshall cause an object instance to be deleted from the federation.

Table 47—Interaction subclass DeleteObjectinstance

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Objectinstance string Name of the object instance that is to be deleted

Tag string Tag associated with the deletion

FederationTime time Federation time of the deletion (optional)

11.2.4.15 Interaction subclass LocalDeleteObjectinstance

The interaction subclag®calDeleteObjectinstancghall inform the RTI that it shall treat the specified object instance
as if the RTI had never notified the affected federate to discover the object instance.

Table 48—Interaction subclass LocalDeleteObjectinstance

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Objectinstance string Name of the object instance that is to be deleted

11.2.4.16 Interaction subclass ChangeAttribute TransportationType

The interaction subclagghangeAttributeTransportationTygaall change the transportation type used by the federate
when sending attributes belonging to a single object instance.
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Table 49—Interaction subclass ChangeAttribute TransportationType

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Objectinstance string Name of the object instance whose attribute transportation type

is to be changed

AttributeList handle list Comma-separated list of the handles of instance attributes
whose transportation type is to be changed (null string if ngne)

TransportationType enumerated | Transportation type desired for use in updating instance at-
tributes in the list; valid values are
— Reliable

— Best effort

11.2.4.17 Interaction subclass ChangeAttributeOrderType

The interaction subclagthangeAttributeOrderTypghall change the ordering type used by the federate when sending
attributes belonging to a single object instance.

Table 50—Interaction subclass ChangeAttributeOrderType

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Objectinstance string Name of the object instance whose attribute ordering type is to
be changed

AttributeList handle list Comma-separated list of the handles of instance attributes
whose ordering type is to be changed (null string if none)

OrderingType enumerated | Ordering type desired for use in sending the instance attribute
list; valid values are
— Receive
— Timestamp

11.2.4.18 Interaction subclass ChangelnteractionTransportationType

The interaction subclagghangelnteractionTransportationTygaall change the transportation type used by the fed-
erate when sending a class of interaction.

Table 51—Interaction subclass ChangelnteractionTransportationType

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing
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Table 51—Interaction subclass ChangelnteractionTransportationType

InteractionClass handle Interaction class whose transportation type is changed by this

service invocation

TransportationType enumerated | Transportation type desired for use in sending the interaction
class; valid values are
— Reliable

— Best effort

11.2.4.19 Interaction subclass ChangelnteractionOrderType

The interaction subclagghangelnteractionOrderTypghall change the ordering type used by the federate when send-
ing a class of interaction.

Table 52—Interaction subclass ChangelnteractionOrderType

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

InteractionClass handle Interaction class whose ordering type is changed by this sefvice
invocation

OrderingType enumerated | Ordering type desired for use in sending the interaction class;
valid values are
— Receive
— Timestamp

11.2.4.20 Interaction subclass UnconditionalAttribute OwnershipDivestiture

The interaction subcladgnconditionalAttributeOwnershipDivestiturghall cause the ownership of attributes con-
tained in an object instance to be unconditionally divested by the federate.

Table 53—Interaction subclass  UnconditionalAttributeOwnershipDivestiture

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Objectinstance string Name of the object instance whose attributes’ ownership is 1o be
divested

AttributeL.ist handle list Comma-separated list of handles of instance attributes belpng-
ing to Objectinstancavhose ownership is to be divested by the
federate (null string if none)

11.2.4.21 Interaction subclass EnableTimeRegulation

The interaction subclaggnableTimeRegulatioghall cause the federate to begin regulating the logical time of other
federates.
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Table 54—Interaction subclass EnableTimeRegulation

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

FederationTime time Federation time at which time regulation is to begin

Lookahead time Lookahead to be used by the federate while regulating other fed-
erates

11.2.4.22 Interaction subclass DisableTimeRegulation

The interaction subclaisableTimeRegulatioshall cause the federate to cease regulating the logical time of other
federates.

Table 55—Interaction subclass  DisableTimeRegulation

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.4.23 Interaction subclass EnableTimeConstrained

The interaction subclagmableTimeConstraineshall cause the logical time of the federate to begin being constrained
by the logical times of other federates.

Table 56—Interaction subclass EnableTimeConstrained

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.4.24 Interaction subclass DisableTimeConstrained

The interaction subcladsisableTimeConstrainedhall cause the logical time of the federate to cease being con-
strained by the logical times of other federates.

Table 57—Interaction subclass DisableTimeConstrained

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing
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11.2.4.25 Interaction subclass EnableAsynchronousDelivery
The interaction subclag&nableAsynchonousDeliveshall cause the RTI to deliver receive-order messages to the fed-

erate when its time manager state is either “Time Pending” or “Idle.” The federate shall be time-constrained for this
interaction to have effect.

Table 58—Interaction subclass EnableAsynchronousDelivery

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.4.26 Interaction subclass DisableAsynchronousDelivery
The interaction subclad3isableAsynchronousDeliveshall cause the RTI to deliver receive-order messages to the

federate only when its time manager state is “Time Pending.” The federate shall be time-constrained for this interaction
to have effect.

Table 59—Interaction subclass  EnableAsynchronousDelivery

Parameter Type Description
Federate handle Designator of the affected federate that was provided when|join-
ing

11.2.4.27 Interaction subclass ModifyLookahead

The interaction subcladdodifyLookaheadhall change the lookahead value used by the federate.

Table 60—Interaction subclass  ModifyLookahead

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

Lookahead time New value for lookahead

11.2.4.28 Interaction subclass TimeAdvanceRequest

The interaction subcladsmeAdvanceRequeshall request an advance of the federate's logical time on behalf of the
federate, and release zero or more messages for delivery to the federate.

Table 61—Interaction subclass TimeAdvanceRequest

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing
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Table 61—Interaction subclass TimeAdvanceRequest

FederationTime time Federation time requested

11.2.4.29 Interaction subclass TimeAdvanceRequestAvailable

The interaction subcla§smeAdvanceRequestAvailalsleall request an advance of the federate's logical time, on be-
half of the federate, and release zero or more messages for delivery to the federate.

Table 62—Interaction subclass TimeAdvanceRequestAvailable

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

FederationTime time Federation time requested

11.2.4.30 Interaction subclass NextEventRequest
The interaction subclagdextEventRequeshall request the logical time of the federate to be advanced to the time

stamp of the next TSO message that shall be delivered to the federate, provided that the message shall have a time
stamp no greater than the logical time specified in the request.

Table 63—Interaction subclass NextEventRequest

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

FederationTime time Federation time requested

11.2.4.31 Interaction subclass NextEventRequestAvailable
The interaction subcladextEventRequestAvailaldball request the logical time of the federate to be advanced to the

time stamp of the next TSO message that shall be delivered to the federate, provided that the message shall have a time
stamp no greater than the logical time specified in the request.

Table 64—Interaction subclass NextEventRequestAvailable

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

FederationTime time Federation time requested

11.2.4.32 Interaction subclass FlushQueueRequest

The interaction subclagdushQueueRequeshall request the logical time of the federate to be advanced to the time
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stamp of the next TSO message that shall be delivered to the federate, provided that the message shall have a time
stamp no greater than the logical time specified in the request. All TSO messages shall be delivered to the federate.

Table 65—Interaction subclass FlushQueueRequest

Parameter Type Description

Federate handle Designator of the affected federate that was provided when|join-
ing

FederationTime time Federation time requested
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12. Federation execution data (FED)

12.1 FED data interchange format (FED DIF)

The high-level architecture FED data interchange format (DIF) is a standard file-exchange format that shall be used to
store and transfer HLA FED files between multiple tools including object-model development tools (OMDTs) and
RTls.

12.1.1 BNF notation of the DIF

To ensure that there is no ambiguity in the definition of the DIF, the DIF is defined terms of Backus-Naur Form (BNF).
BNF is a formal notation used to describe inductive specifications. Attributed to John Backus and Peter Naur, it was
invented to describe the syntax of Algol 60 in an unambiguous manner. Since then it has become widely accepted and
used by most authors of books on new programming languages to specify the syntax rules of the language.

Because no standard BNF notation exists, it is necessary to present the conventions for the notation used here. This
document will use extended BNF (EBNF), which includes some additional constructs to handle iteration and alterna-
tion as described in the following sub-clauses.

12.1.1.1 BNF notation conventions

BNF has three major parts:

— Terminals, which require no further definition,

— Non-terminals, which are defined in terms of other non-terminals and terminals, and

— Productions which, for each non-terminal, precisely state how the non-terminal is constructed.

Certain symbols within the BNF shall have special meanings. These are beneddesiymbolsand they are used to

structure the BNF. Double quotes, angle brackets, braces, etc., are meta-symbols within BNF, and their definition and

use is given below.

— Words inside double quotes (“word”) shall represent literal words themselves (these shall be called terminals).

— Words contained within angle brackets> ’ shall represent semantic categories (i.e. non-terminals) that shall be
resolved by reading their definition elsewhere in the BNF. An example of a non-terminal is
<NameCharacter>

— A production (sometimes called a rule) shall be a statement of the definition of a non-terminal. It shall be desig-
nated by the production meta-symhot’ ’, which shall assign the definition to the right-hand side (RHS) of the
production to the non-terminal on the left hand side (LHS) of the production symbol. The LHS shall always con-
sist of a single non-terminal, while the RHS may consist of any combination of terminals and non-terminals. The
symbol “:= ' shall be read as “...is defined to be...” or “...is composed of...”. An example of a production is:

<SpaceName> ::= <NameString> ;

— Selection of one item for a given instance shall be designated by use of the vertical bar symbol ‘|'. The symbol ‘|’

shall be read as “...or...".
— Each BNF statement shall be terminated by a semicolon ().

12.1.1.2 EBNF notation conventions

— Terminals shall be represented using words inside double quotes. In addition, terminals shall be further high-
lighted usingboldfacedtext. An example of a terminalis-ederation
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The BNF used in this standard shall add a special case of non-terminal that shall be denoted by double brackets
‘<< >>' rather than single angle brackets. A special case non-terminal shall be a reference to an item in the glos-
sary found in clause 12.1.4, FED DIF glossary.
Optional Items shall be enclosed by square bracket meta-symbols ‘[* and ‘]'. Square brackets shall indicate that
the item exists either zero or one time; that is, it may or may not exist. An example of an optional item is
[< SpaceName>] , which indicates that the SpaceName item may or may not be present in the DIF.
Repetition (zero, one, or many) shall be performed by the curly brace meta-symbols ‘{* and ‘}..
e Curly braces followed by a * character shall indicate that there are zero or more sequential instances of the
item.
e Curly braces followed by a + character shall indicate that there shall be one or more sequential instances of
the item.
The double period .. used within a literal shall be a shortcut notation for denoting the set of ASCII characters
between the characters to either side of them. An example of thiz'is , which denotes the set of lowercase
letters between ‘a’ and ‘2’ inclusive.

12.1.1.3 Basic BNF constructs

The following are a set of basic BNF constructs referenced in the main body of the DIF BNF definition. They are de-
fined separately to make the main body more readable.

<NameString> ::= <Letter> {<NameCharacter>}*;

<NameCharacter> ::= <Letter> | <DecimalDigit>] |"+" |"-" |["™" ["/" |
Lo R R A R e L R

<Letter> ::="a..z" ["A..Z" ;

<DecimalDigit> ::="0..9";

Figure 16—Basic BNF constructs

12.1.2 HLA FED DIF BNF definition

The following BNF productions shall define the HLA FED DIF.
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<HLA-FED-DIF-v1.3> ::= “(FED” <Federation> <FEDversion> <Spaces> <ObjectClasses>
<InteractionClasses> )
<Federation> ::= “(Federation ” <<FEDname>> )" ;
<FEDversion> ::= “(FEDversion " <<FEDDIFversionNumber>> 9
<<FEDname>> ::= <NameString>;
<<FEDDIFversionNumber>> ::= “v1.3"
<Spaces> .= “(spaces ” {<Space>}* 9
<Space> ::= “(space”  <<SpaceName>> {<Dimension>}* B
<Dimension> ::= “(dimension ” <<DimensionName>> “)" ;
<ObjectClasses> ::= “(objects ”
“ (class ObjectRoot "
“(attribute privilegeToDelete ” <<Transport>> <<Order>>

[<<SpaceName>>] “)”
“(class RTlprivate)”

{<ObjectClass>}* €N
<ObjectClass> ::= “(class ” <<ObjectClassName>> {<Attribute>}* {<ObjectClass>}* 9
<Attribute> ::= “(attribute ” <<AttributeName>> <<Transport>> <<Order>>
[<<SpaceName>>] )" ;

<InteractionClasses> ::= “(interactions ”

“(class InteractionRoot ” <<Transport>> <<Order>> [<<SpaceName>>]

“(class RTlprivate " <<Transport>> <<Order>> [<<SpaceName>>] “ye
{InteractionClass}* €N
<InteractionClass> ::= “(class” <<InteractionClassName>> <<Transport>> <<Order>>
[<<SpaceName>>] {<Parameter>}* {<InteractionClass>}* ‘)"
<Parameter> ::= “(parameter " <<ParameterName>> )" ;
<<SpaceName>> ::= <NameString>;
<<DimensionName>> ::= <NameString>;
<<ObjectClassName>> ::= <NameString>;
<<AttributeName>> ::= <NameString>;
<<InteractionClassName>> ::= <NameString>;
<<ParameterName>> ::= <NameString>;
<<Transport>> ::= <NameString>;
<<Order>> ::= <NameString>;
Figure 17—HLA FED DIF BNF definition
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12.1.3 FED DIF meta-data consistency

The use of BNF cannot completely capture all of the rules that specify a complete and correct DIF file or object model.
A FED DIF file shall comply with the following rules to be complete, consistent, and correct:

1. A comment shall be prefixed with two semicolons and terminated bycan{mentn).

A comment may appear at the beginning of a line (on a line by itself).

A comment may appear at the end of a line following a FED element.

Wherever a literal space appears in the DIF definition, multiple spaces shall be valid.

One or more literal spaces shall be allowed between any parenthesis and the adjoining text.
Use of routing spaces shall optional.

Routing space names within a FED file shall be unique.

Dimension names within a single routing space shall be unique.

All names shall be case insensitive.

10. Object- and interaction-class names shall be unique where they share a common parent class. Class names may
be reused across multiple branches or tiers of the class hierarchy, as long as no two sibling classes have the same
name.

11. All MOM object and interaction classes along with their attributes and parameters shall be included in each FED
DIF file.

12. All terminals in the BNF description and DIF files produced in accordance with this BNF description shall be
considered to be case insensitive. For example, the literal “ObjectModel” and “OBJECTMODEL” shall be con-
sidered equivalent. Capitalization shall be used in the BNF strictly to enhance readability.

© © Nk~ wwDN

12.1.4 FED DIF glossary

This glossary shall define the terms used in the HLA FED DIF BNF definition to the corresponding concepts in the
main body of the interface specification.

AttributeName The name of an object-class attribute.
DimensionName The name of a routing-space dimension.
FEDDIFversionNumber The identifier for a specific version of the FED DIF.
FEDname The name of an HLA federation.
InteractionClassName The name of an interaction class.
ObjectClassName The name of an object class.

Order The name of a type of message ordering.
ParameterName The name of an interaction-class parameter.
SpaceName The name of a routing space.

Transport The name of a type of message transportation.
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12.2 Example FED file

Figure 18 depicts a complete FED file with particular emphasis on the MOM (MOM definitions are complete). Several
liberties have been taken with the depiction:

— Aspects of the file that should be completed for a specific federation execution are in italics. This includes defini-
tion of space characteristics, specification of transportation and order type, and optionally space characteristic for
each class attribute and interaction class. It also includes definition of extensions to the MOM object and interac-
tion classes and specification of federation object and interaction classes.

— The x characters have been added to aid the user in associating subclasses with classes and attributes with
classes.

Figure 18—FED file with MOM definitions
(FED
(Federation MOM)
(FEDversion v1.3)
(spaces
Space definitions

)
(objects
X (class objectRoot

X X (attribute privilegeToDelete transport order space)

X X (class RTlprivate)

X X (class Manager

X X X (class Federate

X X X (attribute FederateHandle transport order space)
X X X (attribute FederateType transport order space)
X X X (attribute FederateHost transport order space)
X X X (attribute RTlversion transport order space)
X X X (attribute FEDid transport order space)
X X X (attribute TimeConstrained transport order space)
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X X x (attribute TimeRegulating transport order space)

X X X (attribute AsynchronousDelivery transport order space)
X X X (attribute FederateState transport order space)

X X X (attribute TimeManagerState transport order space)

X X X (attribute FederateTime transport order space)

X X X (attribute Lookahead transport order space)

X X X (attribute LBTS transport order space)

X X X (attribute MinNextEventTime transport order space)

X X x (attribute ROlength transport order space)

X X X (attribute TSOlength transport order space)

X X x (attribute ReflectionsReceived transport order space)
X X x (attribute UpdatesSent transport order space)

X X X (attribute InteractionsReceived transport order space)
X X X (attribute InteractionsSent transport order space)

X X X (attribute ObjectsOwned transport order space)

X X X (attribute ObjectsUpdated transport order space)

X X x (attribute ObjectsReflected transport order space) )

X X X (class Federation

X X x (attribute FederationName transport order space)

X X X (attribute FederatesinFederation transport order space)
X X X (attribute RTlversion transport order space)

X X X (attribute LastSaveName transport order space)

X X X (attribute LastSaveTime transport order space)

X X X (attribute NextSaveName transport order space)

X X X (attribute NextSaveTime transport order space) )

X X X ( MOM Object Class extension definitions )

236 Copyright 00 1998 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change



IEEE P1516.1, M&S HLA - Federate I/F Spec, DRAFT 1

X X)

X X (

x)
)

User Object Class definitions )

(interactions

X (class interactionRoot

X X (class RTlprivate

X X (class Manager transport order space

X X X (class Federate

X X

X X

X

X

X

X

X

X

X (parameter Federate)

X (class Request transport order space

transport order space)

transport order space

20 April 1998

transport order space

X X (class RequestPublications transport order space )

X X (class RequestSubscriptions

transport order space)

X X (class RequestObjectsOwned transport order space )

X X (class RequestObjectsUpdated

X X (class RequestObjectsReflected

transport order space)

transport order space)

X X (class RequestUpdatesSent transport order space )

X X (class RequestinteractionsSent

X X (class RequestReflectionsReceived

X X (class RequestinteractionsReceived

X X (class RequestObjectinformation

X X (parameter Objectinstance) )

X)

X (class Report transport order space
X X (class ReportObjectPublication

X X (parameter NumberOfClasses)
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X (parameter ObjectClass)

X (parameter AttributeList) )

X (class ReportinteractionPublication
X (parameter InteractionClassList) )
X (class ReportObjectSubscription

X (parameter NumberOfClasses)

x

(parameter ObjectClass)

x

(parameter Active)

X (parameter AttributeList) )

X (class ReportinteractionSubscription

X (parameter InteractionClassList) )
X (class ReportObjectsOwned

X (parameter ObjectCounts) )

X (class ReportObjectsUpdated

X (parameter ObjectCounts) )

X (class ReportObjectsReflected

X (parameter ObjectCounts) )

X (class ReportUpdatesSent

X (parameter TransportationType)
X (parameter UpdateCounts) )

X (class ReportReflectionsReceived
X (parameter TransportationType)
X (parameter ReflectCounts) )

X (class ReportinteractionsSent

X (parameter TransportationType)

X (parameter InteractionCounts) )

20 April 1998

transport order space

transport order space

transport order space

transport order space

transport order space

transport order space

transport order space

transport order space

transport order space
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X X X X X (class ReportinteractionsReceived transport order space
X X X X X (parameter TransportationType)
X X X X X (parameter InteractionCounts) )

X X X X X (class ReportObjectinformation transport order space

X
x
x
x
X

(parameter Objectinstance)

X X X X X (parameter OwnedAttributeList)

X X X X X (parameter RegisteredClass)

X X X X X (parameter KnownClass) )

X X X X X (class Alert transport order space
X X X X X (parameter AlertSeverity)

X X X X X (parameter AlertDescription)

X X X X X (parameter AlertID) )

X X X X X (class ReportServicelnvocation transport order space
X X X X X (parameter Service)

X X X X X (parameter Initiator)

X X X X X (parameter Successlndicator)

X X X X X (parameter SuppliedArgumentl)

X X X X X (parameter SuppliedArgument2)

X X X X X (parameter SuppliedArgument3)

X X X X X (parameter SuppliedArgument4)

X X X X X (parameter SuppliedArgument5)

X X X X X (parameter ReturnedArgument)

X X X X X (parameter ExceptionDescription)

X X X X X (parameter ExceptionID) )

X X X X)
X X X X (class Adjust transport order space
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X X X X X (class SetTiming transport order space

X X X X X (parameter ReportPeriod) )

X X X X X (class ModifyAttributeState transport order space
X X X X X (parameter Objectinstance)

X X X X X (parameter Attribute)

X X X X X (parameter AttributeState) )

X X X X X (class SetServiceReporting transport order space
X X X X X (parameter ReportingState) )

X X X X X (class SetExceptionLogging transport order space

X X X X X (parameter LoggingState) )

X X X X)
X X X X (class Service transport order space
X X X X X (class ResignFederationExecution transport order space

X X X X X (parameter ResignAction) )

X X X X X (class SynchronizationPointAchieved transport order space
X X X X X (parameter Label))

X X X X X (class FederateSaveBegun transport order space )

X X X X X (class FederateSaveComplete transport order space

X X X X X (parameter Successlndicator) )

X X X X X (class FederateRestoreComplete transport order space
X X X X X (parameter Successlndicator) )

X X X X X (class PublishObjectClass transport order space

X X X X X (parameter ObjectClass)

X X X X X (parameter AttributeList) )

X X X X X (class UnpublishObjectClass transport order space

X X X X X (parameter ObjectClass) )
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X X X X X (class PublishinteractionClass

X X X X X (parameter InteractionClass) )

X X X X X (class UnpublishinteractionClass
X X X X X (parameter InteractionClass) )

X X X X X (class SubscribeObjectClassAttributes
X X X X X (parameter ObjectClass)

X X X X X (parameter AttributeList)

X X X X X (parameter Active))

X X X X X (class UnsubscribeObjectClass

X X X X X (parameter ObjectClass) )

X X X X X (class SubscribelnteractionClass
X X X X X (parameter InteractionClass)

X X X X X (parameter Active))

X X X X X (class UnsubscribelnteractionClass
X X X X X (parameter InteractionClass) )

X X X X X (class DeleteObjectinstance

X X X X X (parameter Objectinstance)

X X X X X (parameter Tag)

X X X X X (parameter FederationTime) )

X X X X X (class LocalDeleteObjectinstance

X X X X X (parameter Objectinstance) )

X X X X X (class ChangeAttributeTransportationType

X X X X X (parameter Objectinstance)
X X X X X (parameter AttributeList)
X X X X X (parameter TransportationType) )

X X X X X (class ChangeAttributeOrderType
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X (parameter Objectinstance)

X (parameter AttributeList)

X (parameter OrderingType) )

X (class ChangelnteractionTransportationType transport order space
X (parameter InteractionClass)

X (parameter TransportationType) )

X (class ChangelnteractionOrderType transport order space

X (parameter InteractionClass)

X (parameter OrderingType) )

X (class Unconditional AttributeOwnershipDivestiture transport order space
X (parameter Objectinstance)

X (parameter AttributeList) )

X (class EnableTimeRegulation transport order space

X (parameter FederationTime)

X (parameter Lookahead) )

X (class DisableTimeRegulation transport order space )

X (class EnableTimeConstrained transport order space )

X (class DisableTimeConstrained transport order space )

X (class EnableAsynchronousDelivery transport order space )
x (class DisableAsynchronousDelivery transport order space )
X (class ModifyLookahead transport order space

X (parameter Lookahead) )

X (class TimeAdvanceRequest transport order space
X (parameter FederationTime) )
X (class TimeAdvanceRequestAvailable transport order space

X (parameter FederationTime) )
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X

X X X X (class NextEventRequest transport order space
X X X X (parameter FederationTime) )
X X X X (class NextEventRequestAvailable transport order space

X X X X (parameter FederationTime) )

x
x
x

X (class FlushQueueRequest transport order space

X X X X (parameter FederationTime) )

X X( MOM Interaction Class extension definitions)

X)

( x( User Interaction Class definitions )

0)
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